1363 


Dept.    —   Th©^ 


Southern  Branch 
of  the 

University  of  California 

Los  Angeles 


Form  L  1 


UNIVERSITY  OF  CALIFORNIA  LIBRARY 

Los  Angeles 
This  book  is  DUE  on  the  last  date  stamped  below. 


REC'D  LD-Ufti 
ID-URL     NOV  2     'l9S7 


Form  liU-Series  444 


12 


THE  PHYSIOGRAPHY 


OF  THE 


RIVER  NILE  AND  ITS  BASIN 


FINANCE     MINISTRY 


STJie"V"E~2"  IDET=>^A^I^T3ynElSrT.  ECa-^S'IPT. 


THE 


PHYS10(;RVrHY 


u  V    Til  K 


RIVER  NILE  Ai\D  ITS  RASIN 


Captatn  H.  (i.  LYOXS, 

rilREfTOH    (iF.NKRAI,.    Si    KVKY     1 1  F.  P  A  R  T  M  F.  N  T  . 


CAIRO 

NATIiiNAf,    I'KINTIM.    DK.rAKTMF.NT 
19()() 

69041 


T  o  >^ 


CONTENTS 


f'HAPTER      I.  —  Tntrorlnrtion .■ 

T I.  —  The  Lake  Plateau 

TIT.  —  The  Biilir  el  Jebel,  Bahr  el  Zaraf  and  Bahr  el  Ghazal 

IV.  —  The  River  Sobat 

V.  —  Tho  White  Nile  or  Balir  el  Al.ya<l    

VT.  —  The  Bine  Nile,  the  Ati)ara  ami  th.-  Khor  el  (in-\\  . 

VII.  —  The  Nile  fn>iii  Kiiartonm  to  Aswan 

VIII.  —  The  Nile    froni  Aswan  to  Cairo 

IX.  —  The  Nile  Delta      

X.  —  The  Variation  o f  the  Nile  flood 


Page 
1 

14 

7J? 

145 

Ifil 

ijsa 

244 
293 
.3.36 
350 


Appendix    I.  —  C'onver.«ion  table?  ;  Metric  to  English  Measure* 300 

ir.  —  Bibliography 391 

Index     399 


LIST    OF    PLATES 


Map  ok  Nile  Basin  1 
1 


fiUO.OOU   AT    KNU. 


HI. 

IV. 

V. 

V,,; 

VII. 

Vlll. 

IX. 

X. 


XI. 

XII. 
XIII. 
XIV. 

XV. 

XVI. 

XVII. 

XVIII. 

XIX. 

XX. 
XXI. 

XXII.* 

( 

XXllI. 

XXIV. 

XXV. 

XXVI. 

XXVII. 

XXVIII. 

XXIX. 


Southern  Basins  uf  tile  Nile,  scale  1  :  12,UU0,0UU       

Distribution  of  RainfuU,  January-April       

May-August 

„  .,         ,.  Septeiiiber-Di-'ceniber 

Map  of  the  Lake  I'lateau  Basin  1  :  4,UO(J,00O     

Victoria  Lake  Gauge  readings  1896-190-1    

Lake  Gauges  1903  and  19U4 

Mean  Level  of  Victoria  Lake  1896-1905     

Sections  of  the  Seniliki  River  and  the  Victoria  Nile      

Map  of  Bahr  el  Jebel  and  Bahr  el  tUiaital  Basin  1  ;  4,0<X),(Hto    

Sections  of  the  Bahr  el  Jebel 

Comparison  of  the  channel  of  the  Bahr  el  .lebel  in  1874  and  1903     .. 
Gauge  readings  at  Butiaba 

,,  ..         ..  Wadelai 

,,  ,,  ,,  Gondokoro  ■     1903  and  1904 

.,  ,,  ,,  Mongalla  | 

,,  ,,  ,,  Ghaba  Shanibe 

Map  of  the  valley   of   the    Bahr  el  Jebel   showing   the   positiuu  of  Sadd 

blocks  scale  1  :  1,000,000 

Sections  of  the  Bahr  el  (ihazal  and  Bahr  el  Zaraf    

Map  of  the  Sobat  Basin  1  :  4,000,1  KX)    

Sections  of  the  Akobo,  Pibor  and  Sobat  Rivers     

Gauge  readings  at  Nasser  and  Iloleib  Hilla  1903  and  1904 

White  Nile  Basin  1  ;  4,tK)0,000       

Sections  of  the  White  Nile  Valley       

Sections  of  White  Nile    

Gauge  Readings  at  Taufikia  and  Dueiui  1903  and  1904       

Action  of  the  Blue  Nile  Flood  on  the  White  Nile        ... — ..,•'  'in.. 

Map  of  the  Blue  Nile  and  Atbura  Basins  1  :  4,OiX),000 

Sections  of  the  Abai  lliver     

Sections  of  the  Blue  Nile       

(iauge  Readings  at  Roseires,  Wad  Medani,  Sennar  an{l   Kliartinuii   1903 

1904 

Discharge  Curve  and   Diagram,   Blue  and   White  Niles 

The  Meanders  of  the  Blue  Nile,  llie  Hinder  and  the  Rahad  Rivers... 
Gauge  readings  and  Mean  depth  of  the  Bhu:  Nile  at  Khartoum 

Sections  of  the  Rahad  River 

Sections  of  the  Atbara  River 


XXX. 

XXXI. 
XXXII. 


Discharge  Diagram  of  the  Atbara  1903     

Gauge  Diagram  and  mean  depth  of  the  Atbara  at  Abu  Dar 
Gauge  readings  at  Kliashm  el  Girba  and  Abu   Dar  1903  and   1904 
Map  of  the  Nile  Basin  from  Khartoum  to  Aswan  1  ;  4,000,000... 


fAUE 

2 

8 
10 
12 
14 

3(; 

46 

78 

90 

104 


llu 


111 

IL'O 

Iti: 
l.-,o 

1.-.4 

162 

168 

170 

172 

17S. 

182 

216 

220 

222 

224 

226 

228 

230 

232 

234 

236 

238 

240 
244 


XXXHI. 


XXX IV 


XXXV. 


XXXVI.< 


—    VIII    — 

Junctiou  of  the  Blue  aud  White  Niles     

.Section  of  Nile  at  Kerreri  and  Shabluka 

„        „      „      ..    Hanneli,  Semaa  and  Sarrag      

Mean  gauge  curves  for  Khartoum,  Wadi  Haifa  and  Aswan 

.  Gauge  reading  at  Berber       -| 

„  „  „  Merowe      

„            „          „   AVadi  Haifa  and 
Aswan 


>  1903 


<i. 


1904 


XXXVII. 

XXXVIII. 

XXXIX. 

XL. 

XLI. 

XLII. 

XI.III. 

XI.IV. 

XLV.  ' 

XI. VI. 

XLV  II. 

XI.VIU. 


M' 


Provisional  Discharge  Diagram  for  Wudi  Haifa     

Map  of  the  Nile  Basin  from  Aswan  to  Cairo  scale  I  :  4.iX)Lt,tXW... 

Sections  of  the  alluvial  plain 

Sections  of  the  Nile  Valley   

Rise  of  water-t;ihli'  in  llip  flood  plain  at  Nag  Hamadi 

Map  of  the  Delta  scale  1  :  1,IXK),IHJII    

Diagram  of  Nile  tioodi    

Variations  from  the  mean  Atmospheric  Pressure  .Innc-September 

Isobaric  Charts  of  the  Nile  Basin,  June-July  190-1      

.,  August-September    1901 

Percentage  variation  of  the  rainfall  of  Western   India 

Diagram  of  mean  monthly  Atmospheric  jiressure 

Mean  Atmospheric  pressure  over  North  Africa  in  July        


Pauu 
256 
258 
260 
264 

276 

280 
280 
294 
308 
312 
318 
338 
350 
300 
368 
370 
372 
374 
384 


IN'ule     I. — Tln'    lilack    |ioiti(iii    dI     lacli   rivci'   scclidii    ii'iirescnts    tlif    section 
ili-:i\vii  to  tlic  same  MTtical  and  liori/oiital  si'ale. 

,,  II. — Name.-*  ol'  places  in  Eo:\  |it  and  tlie  Smlan  are  written  as  in  the 
]iiililislie(l  (iovernnient  niajis.  The  systems  are  iiraetieally 
identical  except  that  the  arahic  word  for  a  hill  is  transliterated 
as  Gebel  in  Egypt  and  Jebel  in  the  Sudan.  In  Egypt  the  letter  <J 
is  transliterated  by  q. 


THE 

PHYSIOGRAPHY  OF  THE  RIVER  NILE  AND  ITS  BASIN. 


CHAPTER  I. 


Almost  50  yuiir.s  ago  von  Klodeii  published  his  "  Das  Stromsystem 
des  oberen  Nil "  '  in  which  he  summed  up  the  hydrography  of  the 
river,  so  far  as  it  was  known  at  that  date,  with  a  greater  wealth  of 
detail  than  IkkI  been  done  before.  Eight  years  later  Lombardini 
communicated  to  the  Institute  of  Milan  the  pa])er  afterwards  publislied 
as  "  Essai  sur  rHydrogra[)hie  du  Nil  'V  hi  which  he  utilised  the 
additional  information  which  had  accunuilated  since  von  Klciden's 
work,  especially  the  discovery  of  the  equatorial  lakes  by  Speke  and 
Grant  in  1862.  In  this  brilliant  memoir  he  broadly  outlined  the 
principal  facts  of  the  regimen  of  the  river  in  so  masterly  a  way  that 
the  improved  datti  of  more  recent  times  have  in  most  cases  only 
borne  out  his  earlier  generalisation.  Chavanne'  in  1885  compiled  a 
description  of  the  Nile  in  which  the  surveys  of  the  Bahr-el-Jebel  and 
the  Victoria  Nile  by  General  Gordon  and  his  staff,  and  the  observations 
of  Emin,  Schweinfurth,  Jiuiker,  and  others,  Avere  utilised  to  complete 
tlie  description  of  the  river.  Chelu  in  1891^  dealt  very  briefly  with 
the  whole  of  the  Blue  and  White  Nile  svstems  south  of  Khartoum. 
In  1897  de  IMartonne"  described  the  hydrography  of  the  basin  of  the 
Upper  Nile,  but  did  not  deal  witli  the  basin  of  the  Blue  Nile.  This 
valuable  paper  brought  together  all  previous  observations  on  the 
equatorial  lakes  and  the  surrounding  country,  as  well  as  the  basins 
of  the  Bahr  el  Jebel,  the  r)ahr  el  Ghazal,  and  the  Wliite  Nile,  but 
owing  to  the  Mahdist  rebellion  in  the  Sudan,  little  new  information 
had  for  ten  years  past  been  obtiiined  from  the  basui  of  the  White  Nile 
and  its  tributaries.  The  works  of  von  Kliiden,  Lombardini  and  de 
Martonne  sunamarize  then  the  hydrography  of  the  Ui)per  Nile  u{)  to 

1  Berlin,  1856. 

s  MiUiu,  ISC.i. 

'  "Afrikii's  Striiine  uiul  Fliisse,"  WiiMi,  1S83. 

*  ''he  Nil.  le  Souilun.  I'Egypte."  I'aris,  IS'.H. 

'  "Zeitschrift  fiir  Eidkuude  5."  Berlin,  ISyT. 


1856,  18H()  and  1896  respectively.  By  the  second  of  tlieso  dates  the 
general  re<^imen  of  the  Nik-  and  its  tributiries  was  known,  and  the 
work  of  the  next  twenty  yesirs  has  been  mainly  that  of  fillin<r  in  the 
details  of  the  general  ])lan. 

With  the  fall  of  Ouidurnian  in  1898  a  new  stauje  in  the  .study  of 
the  Nile  commenced.  A.s  posts  were  estal;lished  further  south,  river 
gauges  were  erected,  and  a  more  precise  knowledge  of  the  periodical 
rise  and  fall  of  the  river  was  obtained  ;  in  1901  Sir  W.  (iarstin 
])ublished  a  report'  on  Irrigation  Projects  for  the  I'jjper  Nile,  in 
wliich  a  series  of  accurate  mcixsurements  of  various  tributaries  was 
given,  while  the  volumes  discharged  by  the  Blue  and  White  Nile  and 
the  Atbara  river  were  nieiisiu'cd  frequently  in  1902  and  1903,  and  also 
those  of  the  tributaries  of  the  White  Nile  in  the  dry  .sejison  of  1903, 
and  the  rainy  seasons  of  1902  and  1903. 

In  1904  Sir  AV.  Garstin  published  a  further  report  on  the  basin  of 
the  Upper  Nile^  in  which  the  White  Nile  basin  was  dealt  with  in 
great  detail  and  all  recent  hydrologioil  data  were  included.  Together 
with  this,  a  report  l)y  Mr.  C.  E.  Dupuis  on  lake  T.sana  on  the 
Abyssinian  plateau,  and  the  Atbara  river  added  considerably  to  our 
knowledge  of  the  l)lue  Nile  basin.  Several  recent  books  and  papers 
on  the  Nile  system  have  also  treated  more  or  less  com])letely  of  some 
of  its  aspects  but  even  the  latest  of  these  ''  deals  very  superficially 
with  the  climate,  the  geology,  and  the  development  of  the  river. 

Since  1896,  the  ITganda  administratinu  has  made  regular  obser- 
vations of  the  level  of  lake  Victoria,  and  since  February  1904  of  lake 
Albert  also,  while  meteorological  stations  in  these  equatorial  regions 
have  been  largely  increased,  and  in  the  Sudan  observations  are  now 
being  taken  regularly  at  numerous  stations.  The  geological  examina- 
tion of  German  East  Africa  is  progressing  rapidly,  and  the  results 
which  have  been  already  published  give  a  nuich  fuller  knowledge  of 
the  structure  of  the  lake  plateau  than  has  hitherto  existed.  In  I'ganda 
new  data  of  this  class  are  few,  but  in  the  Sudan  a  good  deal  of  jirelim- 
inary  work  has  been  done,  so  that  we  ma}'  now  trace,  though  imper- 
fectly,  some  of  the  more  important  structural  features  of  the  area. 

Hitherto,  the  source  of  the  Nile  sui)ply,  its  amount,  its  periodicity, 
the  possibility  of  increasing  it  at  low  stage,  and  of  guarding  against 
dangers  of  excessive  floods  have  been  the  special  jjoints  of  the  river 
regimen  which  have  received  attention.     The  story  of  Egyptian  irri- 

1  Blue  book.    Egypt  No.  2,  1901. 

«  Cairo,  1904,  and  Blue  book,  Egypt,  No.  2,  1904. 

>  The  Nile  iu  lao4,  London.  1904. 
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gation,  its  reorganization  and  development  in  recent  years  has  attracted 
many  writers,  and  the  annual  reports  of  the  Public  Works  ^Ministry  of 
Egyjit  as  well  as  the  works  of  Willcocks/  Chelu/  Brunhes, "  and 
Barois,  ^  to  mention  a  few  only,  contain  full  and  detailed  accounts  of 
the  utilization  of  the  waters  of  the  Nile.  The  more  strictly  geo- 
graphical treatment  of  the  subject  has  of  late  years  received  less  attention 
than  tlie  utilitarian,  since  the  earlier  period  of  exploration  and  discovery 
came  to  an  end  to  be  succeeded  by  one  in  which  more  accurate  and 
detailed  investigation  is  needed;  at  the  same  time  the  results  of 
geographical  study  can  gi'eatl}'  assist  the  practical  de\elopment  of  the 
resources  of  the  river  basin,  and  can  furnish  clues  for  the  elucidation  of 
doubtful  points  by  bringing  to  aid  the  results  of  meteorological  and 
geological  research  by  which  the  physical  development  of  this  part 
of  the  continent  may  be  traced.  It  is  desirable,  therefore,  that  the 
hydrogi-aphy  of  the  Nile  should  be  described  in  the  light  of  this  inform- 
ation, so  as  to  furnish  an  account  of  this  great  river  and  its  tributaries, 
defining  the  part  that  each  plays  in  the  regimen  of  the  whole  river 
s}stem.  By  this  means  we  may  hope  to  Iciirn  in  which  direction 
work  may  most  usefully  be  done  in  order  to  attjick  the  many  problems 
which  still  remain  awaiting  solution,  although  a  high  civilization  has 
existed  on  the  banks  of  the  Nile  for  more  than  GOOO  years,  and  since 
the  first  dynasty  of  the  ancient  empire  of  Egypt,  at  least  8600  B.C., 
the  height  of  the  flood  has  l)een  annually  recorded  as  the  most  importiint 
event  of  the  Egyptian  year. 

But  much  of  this  information  is  not  readily  accessible,  even  in 
Europe;  observations  are  Inu'ied  in  papers  comnuuiicated  to  different 
societies,  or  lie  in  government  reports  which  are  not  easily  obtiinable, 
and  in  the  following  ])ages  many  such  sources  of  information  have 
probably  })een  o^'erlooked  although  every  endeavour  has  been  made  to 
render  the  references  to  authorities  as  complete  as  possible.  Still  it 
is  hoped  that  this  collection  of  material  furnished  by  many  travellers, 
exi)l()rers  and  iuvestij-ators  in  the  Nile  Basin,  mav  be  of  ser\nce  both 
to  those  whose  work  is  directly  connected  with  the  River  Nile,  as  well 
as  to  geographers  who  are  studying  the  phenomena  of  great  rivers. 

Tn  the  following  pages  the  Nile  basin  will  first  be  discussed  as  a 
whole,  and  the  general  lines  of  its  geology,  its  climate  and  its  hydro- 
graphy, which  together  comprise   its  physiography,    will    be   briefly 

'  "Egyptian  Irrigation."  2nd  edition,  London,  18'J9. 

'  "Le  Nil,  le  Soudan,  rEgypte,"  Paris,  IS'Jl. 

3  "L'irrigation  dans  la  peuinsnle    ii)eri(iui'  et  dans  I'Afriiiue  du  Xord,"  Paris.  1U02. 

*  "Les  irrigations  en  Egypte,"  Paris,  11)04. 
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sketc'lieil.  A  more  detniled  description  on  similar  lines  will  then  be 
given  of  the  jirincipal  drainage  basins,  viz: — the  lake  Plateau,  the 
Bahr-el-Jebel,  Babr-el-Zara£  uud  the  Bahr-el-Ghazal,  the  Sobat  river, 
the  White  Nile  and  the  Blue  Nile  and  Atbara.  These  collect  the  rainfall 
Avhich  occurs  from  month  to  month  in  the  different  trihutju'v  basins 
and  so  supply  the  Nile  in  its  long  course  through  the  desert  region  of 
j]ie_Sudaiwuid_Eg;)'pt. 

Below  Berber  the  river  receives  no  addition  to  its  supply_except  that 
which  drains  back  into  it  at  low  stage  from  the  soil  of  the  Hood  plains, 
in  which  the  saturation  level  caused  by  the  summer  flood  is  still  higlier 
than  the  river  level,  and  the  occasional  "sells"  or  floods  which  pour  down 
the  desert  valleys  as  the  result  of  the  rain  storms  which  occur  at  long 
intervals  on  the  desert  plateau.  But  these  are  of  small  effect,  and  in  its 
])assage  through  the  desert  area  north  of  lat.  1<S°  to  tiie  sea  the  Nile 
is  losing  water  rapidly  by  evajjoration  in  a  climati'  where  conditions 
of  extreme  dryness  persist  througliDUt  the  year,  and  the  norlli-east 
trade-wind  blows  almost  without  intermission.  No  accurate  data  yet 
exist  by  which  this  loss  can  be  measured,  and  the  evaporation  values 
usually  ([noted  are  unsatisfactor}'. 

From  Aswan  to  the  sea  the  river  and  its  valley  have  Ikscu  fully 
described  in  the  numerous  works  on  irrigation  which  have  been 
pul)lished,  but  it  will  be  useful  to  examine  the  evidence  on  certain 
points  in  the  light  of  more  recent  infornuition;  among  such  may  be 
mentioned  evaporation,  rate  of  deposit  of  silt,  both  in  the  river  bed  and 
on  the  flood  plains,  and  the  alleged  modification  of  the  climate  as  a 
result  of  increased  irrigation. 

The  Nile  l)asin  comprises  an  area  of  about  2,900,000  scpiare  kilo- 
metres, which  lies  between  the  4th  parallel  of  south  latitude  and  the 
32nd  parallel  of  north  latitude,  thus  extending  over  about  3,100  kiio- 
nietres  from  south  to  north;  but  only  a  portion  of  this  vast  extent  is 
an  effective  area  since  the  whole  of  Darfur,  Kordofan,  the  Bayuda 
desert,  and  all  the  deserts  north  of  Berber  contribute  nothing  to  the 
river  supjjly.  The  limits  of  the  basin  are  now  accurately  known,  and 
mapped  with  sufficient  precision  for  the  purposes  of  the  present  study. 

Dimensions  of  the  Nile  and  its  basin.' — The  length  of  the 
Mile  is  usuuUv  "iven"  as  .")K)(I  kilometres  (3355  stat.  miles)  to  the 
centre  of  Lake  Victoria,  or  GOOO  kilometres  (3728  stat.  miles)  for  the 


1  "tifog.  Jour."  Aug.  190.5. 

"  Waguer,  "Lehrbuch  tier  Geograpliie,"  p.  417.     Hauuver:  1903. 


continuous  waterway  from  the  source  of  the  Kagerajto  the  sea;  the  area 
of  its  basin  is  jifiven  as  about  2,900,000  square  kilometres  (1,119,737 
sqtiare  miles).  These  measurements  have  hitherto  been  niaile  on 
sniiill-sciilc  maps,  but  since  a  considcniblc  ]  art  of  the  u])i)er  Nile  has 
been  recently  surveyed  on  1:2')0,0()0,  or  a  larger  scale,  and  numerous 
points  in  its  course  have  been  fixed  astronomically  and  l)y  triangu- 
lation,  it  is  now  possible  to  measure  its  Ji-ngth  sufficiently  accurately 
to  furnish  a  value  whicli  latiT  surveys  probably  will  not  materially 
alter. 

In  tlic  fdliowiiig  table  the  results  of  such  a  measurement  are  set 
forth  together  with  the  inajis  used.  Tlu;  measurements  were  made 
with  a  curvimeter, '  and  the  mean  of  four  concordant  readings  were 
taken.  The  centre!  line  of  the  river  was  followed  as  far  as  ])ossiblo, 
and  round    islands  the  wider  arm.      The  measurements   were    made 
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in  kilometre.'^,  and  were  corrected  for  instrninentfil  error.-;  and  map 
shrinkage. 

The  distances  below  Wadi  Haifa  are  those  generally  accepted."  A  new 
triangulation  has  just  been  completed  from  Damietta  to  Wadi  Haifa, 
and  the  publication  of  a  general  ma])  of  the  Nile  valley  and  delta  on 
the  scale  of  1  :  50,000,  based  on  the  Revenue  Survey  maps  of  1  :  :JoOO 
and  1  :  4000,  has  been  conmienced ;  as  soon  as  these  map  sheets 
are  re^idy,  improved  values  for  this  distance  will  be  obtjiinable,  but  it 
is  not  anticipated  that  those  given  above  will  be  much  altenKl. 

The  area  of  the  Xile  liasin  is  given  by  Bludau  ''  as  2,(S03,000  square 
kilometres  (1,082,284  square  miles)  composed  of  2,660,000  s(juare  kilo- 
metres (1,027,069  square  miles),  representing  the  area  known  to  drain 
to  the  Nile,  and  143,000  square  kilometres  (55,215  square  miles)  to 
the  west  of  Lake  Rudolf  and  south  of  the  Sobat  river,  which  was  then 
unexplored.  Taking  this  as  the  most  recent  value,  it  may  be  compared 
with  a  more  complete  estimate,  which  the  recently  published  maps  of 
the  Sudan  permit. 

For  determininoj  the  area  of  the  catchment  basin,  the  larfjer-scale 
maps  which  were  used  in  measuring  the  length  of  the  river  are  not 
necessar}-,  for  over  almost  all  the  basin  there  is  a  very  small  amount 
of  topographical  detail,  so  that  the  watershed  between  tlic  different 
river-basins  can  only  be  approximately  indicated.  The  awa  has  there- 
fore been  calculated  from  a  map  on  the  scale  1  :  4,000,000  *  for  the 
Sudan  and  Uganda,  and  from  one  of  1  :  2,000,000  '  for  Eg}pt.     The 

1  As  modified  hy  Dr.  Kandt.  Caput  Nili,  Berlin,  190.>. 
'  Willcocks,  "The  Xile  in  1904,"  Tables  yii.,  viii.    London:  1905. 
«  Pff.  Mitt.,  18U7,  p.  184. 

*  I.D.VV.O.  Map,  No.  1856,  extended  southwards  to  include   the  Victoria  lake  and  its  catch- 
ment basin. 
5  Topog.  Div.  Gen.  Staff,  190.5,  No.  1792. 


proportion  of  each  square  degree  belonging  to  each  basin  was  determined 
b}'  measurement  on  the  map.s,  and  theareii  in  square  kilometres  deduced 
from  it.     Tlio  results  are  given  in  the  following  table: — 

Areas  of  f'ATCHMENT  Basins. 


Xami'  of  basin. 

Area  in  square 
kilometres. 

Area  in  square 
miles. 

Victoria  lake 

West  valley' 

Victoria  Nile 

BahrelJeheP       

Bahr  el  Gliazal       

So])at  river      

White  Nile      

Blue  Nile 

Athara      

Nile 

238,900 
54,100 

7.'),t;()0 

190,700 
552,100 
244,900 
353,550 
331,500 
220,700 

(;o5,t;()() 

92,243 
20,889 
29,190 
73,632 

213,175 
94,560 

136,492 

127,998 
85,216 

233,832 

Nile 

2,867,600 

1,107,227 

The  area  of  the  basin  will  vary  according  to  the  distance  to  which 
its  limits  are  considered  to  extend  on  the  west  of  the  Nile  northwards 
from  Dongola.  It  has  here  been  taken  as  far  as  the  cliff  of  the  desert 
plateau,  or  the  first  marked  rise  of  the  desert  where  the  cliff  is  absent, 
])robably,  on  tlie  average,  about  8  to  4  kilometres  from  the  edge  of  the 
cultivation  in  Egypt.  The  whole  of  the  Nile  basin  below  Khartoum, 
and  ])ractically  all  the  White  Nile  basin,  are  non-effective  in  increasing 
the  river-suj)ply,  since  the  occasional  local  cloud-bursts  may  be  neglected. 
The  Bahr-el-Ghazal,  as  has  been  shown  by  recent  measurements  of  the 
volume  discharged,  is  also  practically  non-eff'ective. 

All  measurements  have  been  made  in  the  metric  system,  and  the 
"rounded  off"  values  converted  to  miles  and  .s([uare  miles. 

Limits  of  basin. — Taking  the  head  waters  of  the  Kagera  river 
near  the  north-east  angle  of  Lake  Tanganika  as  a  starting  jioint,  ^  the 
western  limits  of  the  basin  pass  westward  by  the  volcanoes  of  Kirun- 
chaiiga  and  ^Ifumbiro,  between  lakes  Kivu  and  Albert  Edward,  along 
the  western  side  of  the  troygh  in  which  these  lakes  and  the  Albert  lake 
lie.  then  turnino;  north-west  near  Wadclai  alonj;  the  watershed  between 


I  Including  the  basins  of  Albert  Edward  and  Alliert  lakes,  and  the  Semliki  river. 
'   InoUidiii!;  the  Bahr-el-Zaraf. 
3  I'lafc  I. 
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the  tribiitaries.of  the  Congo  and  those  of  the  Bahr-el-Ghazal  as  far  as^ 
the  Marpa  hills  of  Dar  Fertit.  Tlie  line  now  J;urns  northwards 
through  the  ^[arra  mountains  of  Darl'ur,  and  then  north-eastward  to 
near  Dongola  from  wliich  ])()int  it  runs  jjarallel  to  tlie  river  and 
usually  from  10  to  30  kilometres  from  it  until  the  Delta  is  rciiched. 

The  eastern  limit  has  a  straighter  course  and  passing  a  short  distance 
to  the  south  of  lake  Victoria  turns  northward  along  the  Nandi  hills 
to  mount  Elgon  and  thence  along  the  ridge  of  high  land  on  the  west^ 
of  lake  Rudolf.  From  this  point  it  follows  a  somewhat  devious 
line  across  the  j)lateau  of  Kaffa  and  Wallega,  dividing  the  hejid  waters 
of  the  Omo  and  the  Hawash  from  those  of  the  Sohat  and  the  Blue 
Nile,  to  near  Addis  Abbaba,  when  it  turns  northwards  along  the 
eastern  crest  of  the  Abyssinian  tal)le-land  as  far  as  hit.  15°  N. ;  from 
this  point  it  turns  westwards  to  Kassala,  and  thence  follows  the 
ridge  of  higH  land  which  runs  parallel  to  and  near  the  Red  Sea  and 
the  Gulf  of  Suez. 

The  main  featiu-es  of  the  Nile  basin  are  :  firstly,  the  ])lateau  of  the 
equatorial  lakes  which  has  an  average  altitude  of  about  1800  to  1.500 
metres  liesides  the  mountain  range  of  Ruwenzori  and  the  volcanic 
mass  of  Elgon  which  rise  some  5000  and  2000  metres  higher  respect- 
ively; secondly  the  watershed,  about  800-900  metres  above  sea  level 
which  separates  the  Bahr-cl-Gliazal  basin  IVom  those  of  the  Ccjngo 
and  lake  Chad;  thii'dly  the  Abyssinian  table-land  which  is  more  than 
2000  metres  above  sea-level;  and  fourthly  the  vast  tract  of  country,  less 
than  500  metres  in  altitude,  which  extends  from  near  Hofra-el-Nahas 
in  the  upper  reaches  of  the  Bahr-el-Arab  in  Kordofan,  and  Gondokoro 
on  the  Bahr-el-Jebel,  to  the  Mediterranean. 

The  geography  of  the  basin  is  now  known  with  considerable  accu- 
racy, and  reliable  maps  of  almost  the  whole  of  the  Sudan  are  already 
published,  as  well  as  of  much  of  Abyssinia;  Junker's  and  Schweinfurth's 
work  in  the  Bahr-el-Ghazal  was  added  to  by  the  Marchand  exj)e(lition, 
and  recently  the  numerous  surveys  and  reports  of  the  officers  of  the 
Egyptian  Ai-niy  have  largely  increased  our  knowledge  of  this  ])art. 
Of  the  uj)per  reaches  and  tributaries  of  the  Bahr-el-Arab  little  is  yet 
known,  and  even  with  Emin  Pasha's  journevs  to  the  east  and  south- 
east of  Gondokoro  ami  Wadelai,  supplemented  by  the  exjjeditions  of 
Colonel  Macdonald,  Dr.  Donaldson  Smith,  Comte  Bourg  de  Bozas 
and  others,  there  is  still  much  to  be  learned  about  the  northern  part 
of  the  great  lake  plateau.  Uganda,  and  the  districts  which  border  it, 
are  known  in  their  broader  features,  and  their  lake  and  river  systems 
have  been  examined.     From  the  point  of  view  of  the  Nile  sujiply  it 
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may  fairly  be  said  that  a  practically  constant  supply  between  ^Iruli 
and  Foweira  on  the  Victoria  Nile,  and  a  variable  supply  at  Wadelai 
depending  upon  the  level  of  tlie  Alltert  lake,  sum  up  the  role  of  the 
equatorial  lakes  to-day  as  reservoirs  feeding  the  Nile.' 

Geology. — The  structure  of  the  different  parts  of  tlu!  basin,  and 
particularly  of  the  lake  plateau  and  of  the  Al)yssinian  tabledand  is 
inijortant  as  controlling  the  main  drainage  lines,  but  geological 
examination  has  l)een  confined  to  a  few  areas,  and  almost  the  only 
detailed  work  is  that  of  Dantz  and  Hermann  to  the  south  and  south- 
west of  lake  Victoria.  Here  we  meet  with  a  vast  plateau  of  granitoid 
gneiss,  overlaid  in  places  by  scliists,  and  frequently  covered  thinly  ])y 
a  ferruginous  laterite  fleposit,  the  result  of  the  weathering  of  the 
underlying  crystalline  rocks  in  a  tropical  climate.  This  gneiss  is  the 
predominant  rock  throughout  Uganda,  though  to  the  north-east  of 
the  lake  volcanic  rocks  occur,  and  in  mount  Elgon  we  have  the  huge 
cone  of  an  extinct  volcano.  Furtlier  north  it  forms  the  hills  in  Avhich 
the  Asua  and  other  rivers  rise;  it  crops  out  frequently  in  the  I'ahr-el- 
Ghazal  wherever  the  natural  rock  appears  tlirougli  the  surface  soil  and 
alluvial  deposits,  and  to  the  east  it  passes  under  the  thick  volcanic 
series  of  the  Abyssinian  table-land.  North  of  the  line  where  this 
plateau  of  the  equatorial  lakes  slopes  quickly  to  the  vast  alluvial 
plains  of  the  Bahr-el-Jebel,  the  Sobat  and  the  White  Nile,  a  few 
isolated  hills  of  this  rock,  more  or  less  granitoid  in  character,  occur,  as 
Jebel  Zaraf  close  to  the  mouth  of  the  Zaraf  river,  and  Jebel  Atin  on 
the  Pibor,  probable  outliers  showing  the  former  extension  of  the  lake 
plateau,  with  which,  no  doubt,  at  some  remote  period  the  hills  of 
Kordofan  and  the  ridge  of  granitoid  hills  of  the  Gezira  were  connected; 
now  they  remain  as  the  low  worn-down  stumps  of  ancient  mountain 
groups,  and  in  the  Gezira  divide  the  basin  of  the  White  Nile  from 
that  of  the  Blue.  The  Kordofan  ridge  being  in  an  area  of  feeble  precip- 
itation serves  only  as  the  radiation  point  for  a  number  of  drainage 
lines,  which  carry  a  certain  amount  of^vater  in  the  rainv  season  but 
usually  lose  tliemselves  in  a  swamp  or  a  sandy  depression  before 
reaching  the  main  stream. 

The  Abyssinian  table-land  is  comjxised  mainlv  of  a  vast  block  of  l>asalt 
lava,  which  has  been  poured  out  in  places  to  a  thickness  of  some  :iOO(> 
metres,  and  overlies  the  gneiss  and  crystalline  schists,  as  well  as  certain 
sedimentarv  deposits.     North   of  Khartoum,   for  some  ten  degrees  of 

*  Sec  p.  Ii2  and  p.  77. 
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latitude,  reddish  and  brownish  sandstones  overlie  more  or  less  thickly 
tlie  old  land  surface  of  crystalline  rocks  of  various  kinds,  the  gneisses 
of  archaean  type,  the  later  granites  and  schists,  as  well  as  a  volcanic 
series  of  immense  thickness  and  of  very  early  age.  Long-continued 
erosion  has  removed  much  of  the  overlying  sandstone,  which,  however, 
never  covered  the  higher  parts  of  the  crystalline  ridge  on  the  eastern 
side  of  the  basin,  but  was  laid  down  on  its  Hanks.  The  Nile  therefore 
reaches  these  underlying  harder  rocks  at  many  points  where  they  now 
offer  resistance  to  its  erosive  action,  and  form  the  numerous  rapids 
which  are  known,  not  very  accurately,  as  the  cataracts  of  the  Nile. 
The  factors  which  determined  the  present  course  of  the  Nile  through 
the  northern  Sudan  will  not  be  known  until  a  more  thorough  geological 
examination  of  this  part  is  carried  out  than  has  yet  been  made,  but  it 
is  of  interest  to  note  that  between  Korosko  and  Aswan,  Avherever  the 
crystalline  rocks  occur,  the  direction  of  the  river  is  closely  parallel  to 
that  of  the  intrusive  dykes. '  North  of  E<lfu  the  river  occupies  a 
trough  between  cliffs  which  rise  to  the  level  of  the  limestone  plateau 
some  300  to  500  metres  above  the  valley  floor,  and  here  parallel  faults 
have  let  dow-n  tin's  strip  of  countrv,  thus  determining  the  drainage 
line  which  the  Nile  now  follows,  and  in  which  it  has  for  thousands  of 
years  deposited  its  silt  on  the  sands  and  gravels  which  had  previously 
been  laid  down  in  it.  Here  the  river  is  scarcely  ever  eroding  the  rocks 
of  the  plateau,  l)ut  flows  in  its  own  flood  plain  so  that  the  geological 
structure  of  this  part  of  the  continent  no  longer  exerts  a  direct  influence 
upon  the  river. 

Climate. — In  the  high  pressure  zone  situated  30^  to  35°  north  and 
south  of  the  equator,  there  is  a  gradual  settling  down  of  the  atmosphere 
towards  the  earth's  surface,  and  its  humidity  becomes  gradually  less, 
until  the  air  reaches  the  earth's  surface  warm  and  dry.  In  its  sub- 
sequent passage  over  the  20°  of  latitude  of  the  hot  trade  wind  belts, 
it  takes  up  moisture  and  carries  it  forward  into  the  equatorial  calm- 
belt,  a  region  of  low  atmospheric  pressure.  Here  it  is  carried  up  by 
the  ascending  air  currents,  and  its  moisture  is  condensed  into  clouds  and 
rain.  Thus  it  is  that  the  equatorial  calm-belt  is  also  a  cloud-and  rain- 
belt,  being  su])plied  with  the  necessary  moisture  by  the  north-east  and 
south-east  trade  winds.  The  rain-belt  is  wider  and  less  defined  than 
the  calm-belt,  since  the  a.scending  air  currents  flow  outwards  as  they 
gradually  expand  and  diverge  from  the  central  line  of  the  calm-belt. 


'  Ball.  Geol.  <if  Aswan  Cataract,  in  tho  press. 
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As  this  condensation  is  constantly  taking  place  in  this  equatorial  belt, 
it  follows  that  the  greatest  precipitation  will  be  in  the  neighbourhood 
of  the  centre  of  the  belt,  as  it  iHO\es  northwards  and  southwards  in  its 
annual  oscillation,  a  change  deterniined  by  the  position  of  the  sun 
at  noon,  since  where  it  is  in  the  zenith  at  noon,  it  will  have  the  greatest 
heating  effect,  causing  the  ascensional  movement  of  air  above  referred 
to.  A  place  situated  in  the  mean  position  of  the  belt  will  have  its 
heaviest  rainfall  in  Ajiril  and  October,  with  minima  in  June  and 
December,  when  the  rain -belt  centre  is  at  the  greatest  distance  north 
and  south  of  it;  if  the  rain-belt  is  narrow,  dry  seasons  may  even  be 
experienced  at  these  months.  Similarly  a  place  situated  to  the  north 
of  the  equator,  within  the  limits  of  the  oscillation  of  the  rain-belt, 
will  have  a  single  rainy  season  in  the  summer  of  the  northern 
hemisphere,  followed  !)}•  a  long  dry  season  throughout  the  rest  of 
the  year. 

In  the  Nile  basin  this  equatorial  rain-and  calm-belt  has  its  mean 
position  about  lat.  1°  N.,  where  there  is  an  almost  continuous  rainfall 
with  maxima  in  April-May  and  in  November.  As  it  moves  north- 
wards the  summer  rains  of  the  southern  Sudan  set  in,  which  gradually 
extend  northwards  to  the  valley  of  the  White  Nile  and  the  high 
table-land  of  Abyssinia. 

Besides  the  general  circulation  of  the  atmosphere,  there  are  certain 
periodical  alternations  of  direction  and  velocity,  which  in  some  parts 
of  the  world  pW  an  important  jmrt  in  the  climatology  of  the  area. 
The  diurnal  alternations  are  such  as  the  land  and  sea-breezes,  or  valley 
and  mountain  winds ;  the  annual  alternations  are  the  monsuns.  These 
latter  blow  for  six  months  of  the  year  from  one  direction,  and  the 
other  six  months  from  the  contrary  direction  but  owing  to  the  disturb- 
ing effect  of  other  air  currents,  and  to  deflection  bv  mountain  ran<res 
and  such  topographical  features,  such  complete  reversal  is  only  strongly 
marked  in  certain  regions. 

In  India  and  the  north  Indian  Ocean  conditions  are  exce[)tionally 
favourable  to  the  develojiment  of  summer  monsun  winds,  and  here  the 
most  typical  case  is  foun<l. 

In  north-east  Africa  there  is  a  monsun  effect  over  the  Sudan  and 
Abyssinia,  which  manifests  itself  ])rincijially  between  the  latitudes  of 
lat.  5"  N.  and  lat.  1<S°N.,  as  an  alteration  of  northerlj-  and  southerly 
winds  in  the  dry  and  wet  seasons  respectively.  During  the  months  of 
June,  July,  August,  Septendier  and  October  southerly  winds  predom- 
inate which  are  the  south-easterly  trade  winds  of  the  southern  hemi- 
sphere becoming  southerly  at  the  equator  and   south-westerly  further 
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north,  owing  to  the  deflecting  force  of  the  earth's  rotation,  and  to  the 
low  pressure  area  tlien  lying  over  Arabia  and  Abyssinia.  During  the 
rest  of  the  year  tlie  north-easterly  trade-winds,  more  northerly  on  huid 
where  there  is  more  friction,  blow  down  to  lat.  .")°N.  This  reversal 
is  due  to  the  oscillation  to  and  fro  of  the  of|uatorial  ciilin-lich  already 
described. 

The  lake  plateau,  from  its  situation  on  tlie  equator,  receives  a  moder- 
ately heavy  rainfall,  which  is  distributed  in  two  rainv  seasons  March- 
May  and  No\enii)er-January,  l)ut  these  are  not  very  shar])lv  defined, 
and  some  rain  falls  in  most  months  of  the  yc^u-,  es])ecially  in  the  neigh- 
bourhood of  the  Ruwenzori  range  ;  it  is  more  convenient  therefore  to 
consider  that  there  is  a  pronounced  dry  season  in  July  and  August, 
and  a  lesser  one  in  February,  the  licaviest  precipitation  taking  place 
about  May  and  December.*  Further  north  conditions  approacli  those 
of  tropical  rains,  one  wet  season  and  one  dry  season  corresponding 
more  or  less  with  the  summer  and  winter  solstices,  so  that  in  the  basins 
of  the  Bahr  el  Ghazal,  Bahr  el  Jehel  and  Sobat  there  is  a  rainy  sesison 
from  April  to  October,  while  the  remainder  of  the  year  is  comparatively 
dry,  especially  December,  January  and  Februar}-. 

Beyond  the  9th  parallel  of  north  latitude  the  rainy  season  is  shorter 
and  more  sharply  defined,  and  in  the  Sudan  plains,  and  on  the  greater 
part  of  the  Abyssinian  table-land,  the  rains  occur  between  May  1 .')  and 
September  L'),  beginning  and  en<ling  with  great  regularity.  The  ett'ect 
of  this  distribution  of  rainfall  is  reproduced  in  the  rise  and  fall  of  the 
different  rivers;  thejake  platfuu  with  its  almost  continuous  precipitation 
furnishes  to  the  White  Nile  a  constant  supply  which  has  dwindled  to- 
about  400  cubic  metres  per  second  by  the  time  it  has  passed  the  marshes 
of  the  Bahr-el-Jebel,  while  from  the  Abyssinian  table-land  conies  the 
Nile  flood  with  its  rapid  but  regular  rise  and  fall,  due  to  a  rainfall  no 
greater  than  that  of  the  lake  plateau  but  falling  witliin  a  sharply  defined 
period  of  four  months.  It  will  be  seen  later  that  the  Nile  su])])ly  is 
derived  almost  wholly  from  the  comparatively  small  portion  of  its  basin 
which  is  more  than  1000  metres  above  the  sea  leyel, 

It  has  been  known  for  years  ])ast  that  the  rainfall  on  the  more 
elevated  parts  of  its  basin  supplies  the  Nile  but  the  statement  that 
melting  snows  also  ])l.ay  a  considerable  part  still  lingers,"  altliough 
except  for  a  few  streams  fed  by  the  melting  glaciers  of  the  Ruwenzori 


*  See  Plate  11  for  monthly  distiibutiou  of  rainfall. 

•  Ventre  Pacha.    "Bull.  Sue.  Khed.  Geog.,"  Cairo  1894,  pp.  7,  H.S,  34, 
Chf'Iu  "L*  Nil,  le  Soudan,  I'Egypte."    Paris,  1S91,  p.  22. 
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range,  no  snow  water  reaches  the  Nile,  and  these  streams  play  an  abso- 
lutely unimportant  part  in  its  regimen. 

In  the  recent  report  on  the  Basin  of  the  Upper  Nile,'  two  facts  o£_ 
primary  im])ortance  were  published,  but  their  bearing  on  the  hydro- 
graph}'  of  the  river  does  not  seem  to  have  been  fully  realised  if  the 
reviews  which  have  appeared  may  be  taken  as  a  guide.  The  first  is  ■ 
the  almost  constant  volume  discharged  by  the  White  Nile  above  its 
junction  with  the  Sobat,  and  the  second  is  the  feeble  part  which  the 
WHvte  Nile  plays  in  the  annual  fload,  less  jjrobably  than  one  twentieth 
of  the  flood  being  due  to  it. 

These  two  facts  alone,  irrespective  of  the  mass  of  other  classes  of 
data  which  have  become  available  in  the  last  20  years,  necessitate  a 
readjustment  of  views  which  have  been  usually  held  a&  to  the  relation 
of  the  different  tributaries  to  the  main  stream  and  to  each  other. 

A  fuller  description  of  the  Basin  of  the  Upper  Nile  together  with 
complete  h\drogra[)liical  details  will  be  found  in  Sir  William  (iarstin's 
report '  from  which  most  of  the  sections  of  the  Nile  and  its  tributaries 
have  been  taken.  Those  of  the  Bahr  el  Zaraf  (No.  2  Plate  XII),  and 
of  the  Pil)or  and  Akobo  (Plate  XI Y)  were  measured  by  Captain  H.H. 
Wilson  and  arc  included  here  by  the  kind  permission  of  Major  General 
Sir  Reginald  Wingate  K.C.B.  The  section  of  the  Abai  River  (Nv.  -4 
Plate  XXIIrf)  is  from  Petermanns  Mitteilungen  by  the  kind  permission 
of  the  editor.  I  would  also  acknowledge  the  kind  jjermission  of  the 
Council  of  the  Royal  Society  and  of  the  Council  of  Royal  Geogra- 
phical Society  to  use  papers  published  in  Proc.  Roy.  Soc,  Vol.  76  A., 
p.  66-80  and    in  the  Geographical  Journal,   Aug.,   Sept.,   Oct.   19(15. 

'  Report  upon  the  Basin  i)f  the  Upper  Nile  with  proiwsals  for  the  improreuieiit  of  that  river  hy 
Sir  William  tlarslin  G.CM.Ci.,  Cairo  19U4,  suhseciueiitlv  referred  to  as  Keport  on  the  I'pper  Nile. 
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CHAPTER  II. 
TiiK  Lake  Plateau.^ 

Altitude. — The  lake  plateau  has  an  average  altitude  ot"  prohal)!}' 
not  more  than  1500  metres,  except  in  the  west  Avhere  the  ridge  which 
bounds  lakes  Kivu  and  Tanganika  rises  to  a  height  of  2500  metres, 
Avhile  the  Euwenzori  range,  between  lakes  Albert  EdAvard  and  AHjert, 
max  reach  5500  metres;  the  east  of  the  main  plateau,  the  Nandi 
hills,  mount  Elgon  and  the  Karamojo  hills,  west  of  the  Uudolf 
lake,  all  rise  to  heights  considerably  above  2000  metres.  On  the 
Avestern  side  of  the  plateau,  in  a  great  trougli,  lie  the  Albert  Edward 
and  Albert  lakes,  and  the  Semliki  river  which  connects  them,  but  at  an 
earlier  period  there  is  no  douljt  that  this  trough  valley  was  continuous 
with  the  southern  jxirtion  in  which  lakes  Kivu  and  Tanganika  lie, 
though  now  the  earth -movements  and  out-pourings  of  ash  and  lava 
which  took  place  in  connection  with  the  volcanic  outburst  north  of  lake 
Kivu,  have  partially  filled  the  valley  at  this  point,  and  turned  the 
drainage  in  opposite  directions.  The  remainder  of  the  area  drains  into 
the  N'ictoria  lake,  which  occupies  a  comparatively  shallow  depression  in 
the  eastern  part  of  the  basin. 

Limits  of  the  basin. — The  basin  of  the  Lake  plateau  compris- 
ing an  area  of  288,900  square  kilometres,  is  sharply  defined  on  the  west 
by  the  western  clitf  of  the  \alley  in  which  lakes  Albert  Edward  and 
Albert  lie  ;  on  the  south  the  boundary  of  the  basin  crosses  this  \alley 
by  the  volcanic  I'ange  north  of  the  Kivu  lake,  and  then  turns  ])ai'allel 
to  the  Ciistern  shores  of  lakes  Kivu  and  Tanganika  following  the  crest 
of  the  valley  wall  as  far  as  lat.  4°  S.  when  it  turns  to  the  north-east  to 
within  about  20  kilometres  of  lake  Victoria.  From  this  point  it  kee})s 
roughly  parallel  to  the  southern  shore  of  the  lake,  bending  round  the 
south-eastern  corner  about  100  kilometres  from  its  shore,  and  riuniing 
north-east  to  the  crest  of  the  western  scarp  of  the  eastern  rift  valley. 

Except  at  the  north-east,  west  and  south-east  limits  the  differences 
of  altitude  are  not  great  throughout  the  basin.  The  Victoria  lake 
surface  isll2i)  metres"  above  sea  level,  and  on  the  north  side  the  land 
surface,  only  10  or  15  kilometres  from  the  lake  shore,  falls  northwards  to 
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the  Victoria  Nile,  which  at  lake  C'hoga  i.s  alK)ut  1U()5  metres  above  the 
sea ;  below  this  the  Victoria  Nile  falls  at  first  gently,  then  rapidly,  to 
the  Albert  lake,  which  is  at  an  altitude  of  about  700  metres.  To  the 
north-east  mount  Elji'on  rises  as  an  isolated  volcanic  mass  to  a  height 
of  4600  metres,  and  the  western  wall  of  the  valley  in  which  lakes 
Bariiimi  and  Naivasha  lie  reaches  the  height  of  2500  metres  above  sea 
level  ;  but  to  the  south  of  the  Mau  plateau  there  extends  a  roUmg  oi)en 
country  Avliich  only  rarely  reaches  1750  metres  (as  at  the  head  waters 
of  the  Siniiyu  river),  and  usually  varies  between  1200  and  1400  metres 
until  near  the  mounbiin  ridge  above  lake  Tanganika,  in  which  the 
sources  of  the  Kagera  river  are  situated.  The  western  part  of  the  basin 
is  rather  higher,  ranging  from  1400  to  1000  metres  and  I'ising 
occasionally  to  more  than  2000  metres.  Further  north  some  of  the 
peaks  of  the  Ruwenzori  range  are  believed  to  reach  5500  metres,  but 
with  the  exception  of  this  liill  mass  no  considerable  altitutles  occur.  To 
the  north  of  tlie  \'ictoria  lake  the  ground  falls  gradual!}-  to  the  Choga 
and  other  lakes  which  receive  the  drainage  of  mount  Elgon  and  of  the 
country  innnediately  to  the  north  of  lake  ^'ictoria,  and  bej'ond  this  the 
the  country  drains  to  tlie  north  to  Foweira  and  then  westwards  to  the 
head  of  the  Albert  Lake. 

Geology. — To  the  west  of  lake  Victoria  Herrmann'  describes  the 
region  as  one  composed  principally  of  quartzite  and  clay -slate,  which 
rises  considerably  above  the  granite  and  gneiss  area  to  the  south  and 
east,  being  bounded  by  a  marked  drop  of  from  100  to  450  metres. 
The  lower  beds  present  a  great  variety  of  clay-slates  which  varv  from  a 
fine  white  to  a  hard  black  slate.  According  to  him  the  movements  of 
upheaval  have  acted  along  NNE.-SSW.  directions,  and  the  intensitv 
seems  to  have  been  most  marked  in  the  south-western  part  of  the  area, 
not  far  from  the  Virunga  group  of  volcanoes  of  lake  Kivu.  Five  main 
blocks  may  be  recognized  which  an;  separated  by  troughs  ;  the  islands 
of  the  western  coast  of  the  Victoria  lake  represent  the  first  of  these, 
while  three  others  range  one  behind  the  other  between  the  lake  shore 
and  the  \alley  of  the  Kagera,  and  in  the  inti'rvening  troughs  lie  lakes, 
swamps,  or  slowly  flowing  rivers  ;  the  fifth  forms  the  Ruanda  plateau 
west  of  the  Kagera.  The  edges  of  these  blocks  have  as  \et  been  but 
little  modified  by  weathi>ring  so  that  the  latest  movements  wouM 
appear  to  be  comj)arati\cly  recent. 


"Mitt.  au8  den  deutschen  Schutzgebieten,"  Berlin  1899,  p.  3. 
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Scott  Elliot'  describes  the  Karagwe  and  Ankoli  districts  to  the  west 
of  lake  Victoria,  as  being  some  250  metres  higher  than  the  plateau  near 
the  lake,  and  being  cut  up  by  incaiidering  vallej's  ;  their  floor  has 
usually  but  little  slope,  and  is  t're([uently  occuj)ied  by  papyrus  swamp. 

Sir  William  Garstin^  describes  Buddu  ]»rovince  as  an  undulating 
plateau  extending  westwards  from  the  eastern  cliffs  which  mark  the 
fault  line  of  this  part ;  gravel  deposits  and  caves  occur  more  than 
100  metres  above  the  lake,  but  these  will  probably  prove  to  be  the 
result  of  river  action  rather  than  marking  a  former  high  level  of  the 
present  lake.  In  Ankoli  the  country  is  higher  but  the  same  alternation 
of  flat  round-backed  ridges  and  broad  valleys  with  but  little  slope, 
where  swamps  and  sluggish  streams  i-ender  movement  difficult, 
contiiuies  almost  up  to  the  western  edge  of  the  })hiteau  some  190  kilo- 
metres from  the  A  ictoria  lake.  At  this  point  a  further  rise  of  the  country 
occurs,  the  general  level  being  now  2000  metres,  with  hills  rising  to 
2500,  and  this  continues  to  the  eastern  edge  of  the  rift  valley  above 
lake  Albert  Edward.  A  dense  forest  belt,  "the  tropical  rain-forest", '* 
clothes  this  strip  of  high  land,  and  presents  its  characteristic  features 
of  tall  straight  tree-trunks  with  great  buttresses  at  the  base,  while 
lianes  climb  in  festoons  from  tree  to  tree  ;  the  siui's  rays  hardly 
penetrate  through  tlie  leafy  cano|)V  of  the  larger  ti'(!es  struggling 
towards  the  light,  and  it  is  only  in  the  more  oi)en  portions  where  they 
reach  the  ground  that  the  smaller  veget^ition  is  able  to  flourisii. 

The  wide  region  south  of  the  Victoria  lake  consists  of  an  undulatin'^ 
plateau  1200-1800  metres  above  sea  level,  from  which  rise  two  distinct 
types  of  hills.  The  one  occurs  as  steep  rocky  cliffs,  the  other  as  long 
ridges  of  considerable  size  and  of  even  contour;  the  former  are  formed 
by  the  granitoid  gneiss  and  usually  have  an  E-W  strike  and  a  very 
steep  dip,  while  the  latter  consist  of  the  ferruginous  quartzite  .schists 
which  are  particidarly  characteristic  of  this  region,  and  in  some  parts 
south-west  of  the  lake  contain  gold.  South  of  the  lake  this  schist 
forms  groups  of  long  hill-ridges,  and  south-west  of  Emin  Pasha  Gulf 
the  Akaranga  hills  consist  of  the  same  rock  where  they  are  cut  by 
E-W.  faults.* 

The  ridges  of  the  (piartzite  schist  are  frequently  boinided,  on  one 
side  at  lea.st,  by  fault  lines,  many  of  which  have  a  direction  from  SW.- 
NE  ;  elsewhere   faulting  in  N-S  and  E-W  directions  occurs.     The 

1  A  Naturalist  in  Hid  Africa,  Lonilon,  lK9r),  p.  70. 

s  Report  oil  the  Uppi-r  Nile,  p.  ;H2-:«i.  t'aini,  190 (. 

3  SiliiuipiT.     -Plant  (icugrapliy,"  I'lareiidon  I'ress,  Oxford,  1S04,  p.  284  IT. 

*  Diiutz.  "Mitt,  aus  deu  deutscheu  Schutzgebieteu"  XV.,  1902,  p.  155. 
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shores  of  the  hike  in  uiiiny  phices  present  steep  cliffs,  soiiietiiues  as 
much  as  100  metres  high,  wliich  cannot  be  satisfactorily  explained  by 
oi'diuarv  erosion,  and  are  certainl}-  due  to  fracturing  and  differential 
movement  of  the  rocks.  These  faults  have  ])layed  an  important  part 
in  the  formation  of  the  lake  but  the  time  at  which  this  took  place 
cannot  be  satisfactorily  determined  until  later  deposits  than  these  schists 
are  found/ 

The  area  south  -of  the  lake  is  occupied  by  gneiss,  which  near  Nassa 
forms  ridges  having  a  direction  NW.-SE.,  parallel  to  the  strike  of  the 
gneiss  ;  these  hills  have  so  stee[)  a  face  that  they  must  form  part  of  a 
block  left  by  the  sinking  of  the  south-eastern  part  of  the  Victoria  lake.' 
The  eastern  side  of  the  lake  is  occupied  by  granitoid  gneiss  with 
occasional  patches  of  cpiartzite  schist,  but  north  of  Shirati  on  the  east 
side  near  Karungu  (close  to  the  Anglo-German  boundary),  from  Kiua 
island  to  Gurukire  bay,  a  distance  of  20  kilometres,  there  occurs  a 
patch  of  volcanic  rocks,  doubtless  connected  with  the  large  development 
of  these  rocks  to  the  north-east  of  the  lake  on  the  Man  plateau,  and 
on  the  north -wes't  of  the  lake."  Other  outcrops  of  the  same  rocks 
occur  frequently  on  the  road  from  Kisumu  to  Mumias  when  the  granite 
sometimes  projects  through  it.  Near  Mumias  besides  these  volcanic 
rocks  granitoid  gneiss  occurs  widely,  with  occasional  developments, 
of  the  quartzite  schists,  as  at  the  Wanyara  Hills  near  the  Nzoya  river. 
In  both  north  and  south  Kavirondo  there  is  found  also  an  ironstone 
bi'eccia.  ^ 

Scott  Elliot*  describes  the  granitoid  gneiss  ovei'laid  here  and  there  by 
the  masses  of  the  schists  as  forming  the  northern  and  north-western 
part  of  the  lake  shore,  though  here  and  there  deposits  of  ironstone 
occur  near  the  lake.  The  surface  of  these  older  rocks  is  usuall}'  covered 
with  a  dei)osit  of  latei'ite,  a  ferruginous  deposit  produced  by  the 
weathering  of  these  rocks  under  the  influence  of  the  moist  tropical 
climate. 

The  Kuwenzori  range  appears  to  consist  essentially  of  a  mass  of 
the  archiuan  granitoid  gneisses  elevated  as  an  orographic  block  during 
the  earth  movements,  of  which  there  is  so  much  evidence  throughout 
the  rift  valleys,  while  its  slopes  are  formed  of  mica  schists,  epidiorites 
and  other  rocks.'     Wiien  first  discovered  by    Stanley  the  range  was 


'   Uaiitz.  '■  Mitt,  aus  den  deutsclieii  Schutzgcbieteii,"  XV.,  1902,  p.  155. 

'  riilif;.  I'ct.  Mitt.   1901.  p.22li. 

3  K.K.  Walktr.  liluo  liook,  Africa  II.,  i;»03. 

*  A  Naturalist  in  Miil-.Uiica.  London,  18%,  p.  u;-2. 

5  Scott  Elliot,  loc.  cit.,  p.  166. 
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thouglit  to  be  volcanic,  but  this  has  long  since  been  disproved  by 
Stuhlmann,  Scott  Elliot  and  other  travellers,  though  the  statement  that 
it  is  a  volcanic  range  still  appears  in  recent  hooks.'  At  niuuerous 
places  round  the  range,  crater-lakes,  hot  sjjrings  and  similar  phenomena 
show  that  considerable  volcanic  activity  recently  existed  along  the  fault 
lines  which  bound  the  range,  while  on  the  j^lateau  to  the  east  of  lake 
Albert  Edward  also  crater-lakes  are  numerous.  - 

The  most  important  factor  in  determining  the  orography  of  the 
lake  j)lateau  has  been  the  eiU'th  movements  which  are  intlicated  by  the 
numerous  lines  of  faulting ;  and  as  a  result  of  these  movements,  large 
masses,  many  kilometres  long,  have  been  raised,  lowered  cr  tilted,  and 
in  the  valleys  formed  along  the  fracture  lines,  the  main  drainage  lines 
of  the  district  run.  Lake  Victoria  itself  is  outlined  Iiy  such  fractures. 
Stuhlmann'  records  one  which  follows  the  western  shore  of  the  lake, 
while  others  run  [larallcl  to  it,  such  us  the  Kingavassi  valley,  the  Ilrigi 
lake,  the  ^luissa  river  and  lastly  the  valley  of  the  Kagera  river.  The 
wav  in  which  the  drainage  ncH'th  of  the  Victoria  lake  flows  away  from 
it,  points  to  earth  movements  having  determined  the  form  of  the  narrow 
ridge  which  here  encloses  the  waters  of  the  lake,  wiiile  at  one  point, 
Entebbe,  tliere  is  definite  evidence  furnished  by  the  readings  of  the 
lake  tiiui<i:e  of  a  sli<z;ht  intermittent  fall  of  the  land  duriii'j  the  last 
nine  vears,  which  has  amounted  in  all  to  about  (SO  centimetres.* 

From  the  disposition  of  the  gulfs  and  islands  of  this  part,  fault  lines 
appear  from  Whitehouse's  chart  to  run  generally  NW.-SE.  and  NE.- 
SW.  Murchison  Bay,  Napoleon  Gulf,  and  the  Kavirondo  coast  by 
Ugowe,  being  parallel  to  the  first  direction,  while  the  islands  by  Entebbe, 
the  Sesse  Islands  and  Rosebery  channel  follow  the  second.  Probably 
Kavirondo  Gulf.  wIumi  it  has  been  studied,  will  be  found  to  owe  its 
existence  to  an  east  and  west  fault  line,  like  that  recorded  by  Dantz° 
in  Speke's  Gulf,  while  he  attributes  Jordans'  Nullah  and  Smith's 
Sound  on  the  south  shore  to  others  which  have  a  meridional  direction. 
Uhlig  has  recently "  noted  signs  of  another  along  the  east  coast  near 
Shirati.  North  of  the  erpiator  but  little  geological  examination  of  the 
countrv  has  yet  been  attempted,  but  probably  there  also  the  differential 
movements  of  the  ground  have  mainly  determined  the  present  drainage. 
Though  it  cannot  be  stated   with  any  certainty  till  a  more  complete 


1  The  Nile  in  1904,  London,  1905,  p.  21. 

'  Iteport  on  the  Uppur  Nile,  p.  .S8. 

3  '-Mit  Emin  Tascha  ins  Herz  von  Afiika"  cli.  XXX. 

*  See  p.  43. 

5  ■'Mitt,  aus  den  deutschen  Seliutzgebieten,"  XVI.,  1903,  map  2. 

6  Pet.  Mitt.,  1904,  p.  226. 
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knowledife  of  the  geoloffv  of  the  area  is  attiiined,  there  seem  to  he 
several  directions  of  faulting  which  may  be  distinguished  ;  the  NNE. 
to  SSW.  faulting  of  the  western  plateau  has  already  been  mentioned, 
while  in  the  north  of  the  lake  there  seems  to  be  also  another  series 
NW.  to  SE  ;  thirdly  there  is  the  E.  to  W.  series  which  Dantz  has 
recorded  south-west  of  the  lake,  near  Xassa  in  the  south-east,  as 
defining  Speke  Gulf,  and  probably  Kavirondo  Bay  in   the  north-east. 

So  little  has  been  done  to  elucidate  the  geological  structure  of  Uganda, 
that  it  would  be  rash  to  attem])t  an}-  detailed  account  of  its  develop- 
ment. The  most  striking  feature  is  the  proximity  of  the  watershed 
to  the  lake,  only  10  to  15  kilometres  usually  separating  from  the  lake 
shores  the  headwaters  of  the  streams  which  flow  northwards  to  the 
Victoria  Nile  below  lake  Clioga.  This  certainly  suggests  the  upheaval 
of  a  block  along  an  approximately  E.-W.  axis,  which  cutoff  the  drainage 
of  the  plateau  l}ing  to  the  south,  and  so  formed  the  jjresent  lake  in 
the  low-lying  area  which  lay  between  the  more  elevated  areas  east  and 
west  of  it.  The  Nile  leaving  the  lake  at  the  Ripon  Falls  may  mark  a 
SSE.  to  NNW.  fault  line,  lying,  as  it  does,  ])arallel  to  the  numerous 
islands,  and  the  general  shore  lines  of  the  north-east  corner  of  the 
lake.  The  present  level  of  the  falls  seems  to  be  maintained  by  a  dyke 
of  (liorite  rather  than  by  a  bed  of  hard  rock,  if  we  may  judge  from  the 
depth  of  water,  12  metres,  close  to  the  uj>stream  side  of  the  falls, 
given  in  the  sections  taken  in  1902;^  also  the  photograph^  taken 
in  1908  shows  what  looks  very  like  the  shoreward  extension  of  tiiis 
dyke  in  the  foreground;  the  drop  is  5  metres,'  and  below  this  the 
Nile  falls  rapidly  in  a  series  of  rapids  and  small  falls,  till  after  a  course 
of  ()")  kilometres  it  opens  out  into  the  stagnant  waters  of  lake  Choga. 

Turning  now  to  the  south-western  ])ortion,  Herrmann-'  has  recently 
given  an  interesting  account  of  the  structure  of  the  Kivu  lake  and  the 
Rift  valley  at  this  point,  which  is  instructive  and  throws  light  on  some 
of  the  changes  which  this  pai-t  of  the  country  has  undergone.  From 
the  north  of  Tanganika  lake  (about  7S0  metres)  the  \allev  rises 
gradually  northwards  to  an  altitude  of  980  metres  30  kilometres  south 
of  lake  Kivu  ;  here  a  ridge  of  crystalline  schists  partially  bars  the 
valley,  having  been  raised  to  an  average  height  of  l.SOO  metres  above 
sea  level,  while  the  highest  parts  reach  2200  metres,  and  the  mountain 
slopes  which  enclose  the  valley  rise  to  over  8000  metres  on  the  west  and 
to  2, .500  metres  on  the  east.  Lake  Kivu  itself  lies  at  an  altitude  of 
1,450  metres,  and  its  surplus  waters  drain  southwards  by  theRusisi  river 

'  Report  on  the  Upper  Nile.  I'hiii   I.,  h  and   I'hite  IV  ,  p.  20. 
'  "Mitt.iius  den  deutscheu  Schutzgebieten,"  XVII,  I.,  1904. 
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which  ha.s  cat  it.s  way  throui^ii  this  ridge  and  fails  down  its  southern 
face  in  a  series  of  falls  and  rapids  until  in  the  more  level  country  near 
Tan<>anika  it  becomes  a  placidly  meandering  river,  which  finally  enters 
the  lake  bj'  two  mouths  in  a  flat  alhivial  plain.  To  the  north  of  Kivu 
lake  lies  the  belt  of  volcanoes  which  have  completely  blocked  the  vallev 
and  cut  off  from  lake  Albert  Edward  the  drainage  which  no  doubt  at 
one  time  reached  it. 

Thus  a  large  block  of  the  valley  floor,  which  is  bounded  to  the  north 
and  south  l»y  E.-W.  fault  lines,  ami  on  the  east  and  west  by  the  faults 
of  the  rift  valley,  has  been  raiseil ;  the  northern  fault  is  indicated  by  a 
dyke  of  coarse-grained  ]iegmatite  cutting  into  the  mica  schists  which 
form  the  sides  of  the  rift  valley,  and  along  this  line  the  eight  great 
Aolcanic  cones  have  piled  up  their  masses  of  lava  beds  and  volcanic 
ash  forcing  the  drainage  of  this  part  to  find  a  way  southwards  through 
the  ridges  of  the  Kivu  block.  Before  all  this  took  place  the  Albert 
Edward  lake  may  have  been  connected  with  that  of  Tanganika,  while 
a  similarly  elevated  block  in  the  Semliki  valley  west  of  Ruwenzori  main- 
tained its  waters  at  the  lii"fher  level  which  its  ancient  beaches  now  mark. 


Climate. — In  this  area,  which  is  approximately  enclosed  by  the 
30tli  and  3oth  meridians  and  is  to  the  north  of  hit.  4°  S.  meteorological 
stations  are  not  numerous,  nor  do  the  series  of  observations  extend  over 
a  long  period  of  time,  but  the  following  stations  furnish  observations 
for  temperature  and  sometimes  humidity  also  : — 


Names 

Altitude 

Latitude 

Remakks 

Entebbe' 

Jinja '          

Miiniias ' 

Mbarara ' 

Manuka'      

Biikoba-'     

Miianza" 

Tabora  -       

12S0  metres 
12;>0       „ 
1440      ., 
1480      „ 
12.50      ., 

1200   ;, 

1200      ., 
1230      „ 

0°    3'  8. 
0"  27'  N. 
0°  20'  N. 

0""  39'  S. 
If  20'  S. 
1"  20'  S. 
t  31'  S. 

5=    3    S. 

North  shore. 

1  km.  NE.  of  lake. 
In  Ankole  130  km.  west  of 
West  of  lake.                 [lake. 
South  shore. 

1.50  km.  south  of  lake. 

liainfall  is  also  measured  at  these  stations,  as  Avell  as  at  Nandi,  p]ldama 
Ravine  and  Shirati,  on  the  east  of  lake  Victoria,  at  Fort  Portal  in  Toru, 
north-east  of  Kuwenzori  and  at  Butiaba,  on  the  east  of  the  Albert  lake. 

The  climate  of  the  lake  plateau  is  typically  tropical,  showing  a  very 
small  yearly  range  of  about  2"  only,  while  the  daily  range  of  temper- 

1  Ue|K)rts  of  Committee  of  Britisli  Associatiou,  1891-11)00,  also  Meteorological  Office.  Climato- 
logicid  oljscr\iitiou.s  I.  Tropical  Africa,  London,  11)04. 
•  Maurer.  "Mitt,  aus  den  deutsch.  Scliutzgebieten,"  1903,  XVI. ,  I. 
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ature  (non-periodic  amplitude)  is  about  7°  to  8°.  From  the  elevated 
position  o£  the  plateau  tlie  mean  annual  temperature  is  al)out  2P-22", 
and  the  mean  daily  maximum  temperature  is  26°,  the  corresponding 
minimum  beinjj-  lS°()r  10'.  For  stations  at  a  distance  from  the  lake 
both  the  diurnal  ami  annual  ranges  are  greater,  as  is  shown  by  Tabora. 
The  humidity  is  high,  as  is  natural  at  places  near  the  equator,  which 
during  most  of  the  year  are  within  the  rain  and  cloud  belt.  On  (jr 
near  the  lake  itself  the  humidity  is  higli  in  tlie  morning,  and  fairly 
high  in  the  afternoon,  Entebbe  showing  the  highest  value,  having  an 
average  of  H9%  for  the  year  at  7  a.m.  ;  the  afternoon  observations 
taken  at  a  few  stations  are  of  s])ecial  interest  as  giving  some  idea  of  the 
amount  of  evaporation;  the  mean  values  for  Entebbe  7^%,  Bakobaand 
Muanza  64%  show-  that  it  is  active  on  the  lake  itself  while  Tabora  52%, 
and  a  mean  value  of  Go^"  for  ^Ibarara  for  the  months  July-December 
indicate  how  large  a  ])roportion  of  the  rain  falling  on  the  surface  of 
the  catchment  basin  is  at  (Mice  removed  b}'  evaporation.  The  only 
actual  measurements  of  this  climatic  factor,  .so  far  as  I  am  aware,  are 
those  made  at  Entebbe,  February  24-27,  1908,  by  Mr.  J.I.  Craig,  when 
the  weather  was  close  and  dani]),  with  fresh  westerly  breezes  and  occa- 
sional heavy  rain  ; 


>■  Moan   3*4   mm.  per 


It  is  evident  that  this  figtu-e  must  be  larger  in  the  dry  seasons, 
while  over  the  country  at  a  distance  from  the  lake  the  average  daily 
amount  will  pro])ably  reach  7  or  8  mm.  a  dav. 


24     I 

'^(■liruarv 

;}-,s 

25 

J) 

.•3M) 

26 

)9 

.■i-2 

27 

95 

;?-5 

M 

EAN 

rKMPEU.VTlRE. 

-(< 

entigrahe). 

Place 

Jan. 

Feb. 

JIar. 

April 

May 

June 

July 

Aug. 

21-4 

Sept. 

Oit. 

Nov. 

Pec. 

Vt-ar 

1.  Entel)l)e 

22-0 

22-4 

22-1 

21-2 

21 -.S 

21 -i; 

21-1 

22-1 

22 -.5 

22-:^ 

21-11 

21 -n 

2.  .liiija 

21  -2 

,  , 

22-7 

22 -.-^ 

22 -C 

2((-'.l 

21  m; 

22*' 

21  !l 

22-1 

21 -S 

[21 -.tl 

;{.  Miimias 

2;{--) 

21  •  1 

24-2 

22 '.S 

22*2 

21  m; 

2(r:i 

2()*'.i 

21 -S 

22-(; 

22-7 

22-'.l 

22 -.5 

4.  Mliarura 

is-:i 

I'.t-;! 

l'.l-;i 

i'.)-;i 

I'.i-l 

17m; 

i:i-4 

r.t"'.i 

2(i-:! 

r.i-2 

I'.l-l 

i;i-(i 

i;t-2 

.").  Biikolia 

20 -1 

20-1 

2()-.S 

2(1 -S 

2()-.") 

20-() 

i'.t-;i 

lit-.") 

2(1-1 

2(l-l 

2(1-1 

20-() 

2(1-1 

(i.  Jliianza 

21-.") 

2i-(; 

22*2 

21-.-) 

21-.> 

21 -ll 

22-1 

21 -S 

22-:) 

22*2 

21-7 

21-1 

21 -S 

7.  Tabora 

21  ",1 

22-1 

21  VS 

2in; 

21-4 

20-9 

21-1 

22-;) 

24-4 

2") -5 

24-4 

22 -.S 

22 -t; 

1.  1901  and  li)02.  7  a.m..  2  p.m.,  9  p.m.  2.  1902.  9  a.m.  3.  1901,  1902,  .Tannnry-August,  9  a.m. 
4.  IWZ,  9  n.m.  n.  1893,   IS94.  1S9.-|.  1897,  7  a.m.,  2  p.m.,   9  p.n).         r,.  April  IS91->lar.li  1S9.-|, 

7  a.m.,  2  p.m.,  9  p.m.         7.  lf*9K  189.'),  1S99,  7.  a.m.,  2  p.m.,  9  p.m. 

For  these  last  three  stations,  see  Meteor.  Beobachtiingen  aus  Deiitseh-Ostafrika.  Mitt,  ans  ilen 
deutsch.  Sehutzgelneten.  XVI.  1903. 
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Mean  Daily  Maximim  TEMPERATrRK.  —  (Centigrade). 


Place 

Jan. 

Feb. 

Mar. 

April 

May 

.lune 

.Inly 

Am*;. 

Sept. 

Oct. 

Nov. 

Dec. 

Ye.\u 

Entebbe.. 

27-7 

27-0 

20 -8 

26-0 

2;-) -4 

2-)-C, 

2;-) -3 

2r,-4 

27 -(5 

27-7 

27-4 

2C.-8 

26-0 

Jinja 

21) -4 

2S-4 

27-8 

27-7 

27- 9 

27 -G 

2C)-(; 

27-7 

28-9 

29-1 

28-9 

27-0 

28-1 

Miisaka  . . 

25 -.5 

24 -S 

24-4 

2:5 -it 

2:5 -1 

24-;} 

2(;-2 

24-9 

23-7 

24-8 

24-3 

23-9 

24-5 

Muinias  .. 

2'.fl 

,  , 

28-2 

2C.-4 

24-4 

•  • 

,  , 

,  , 

•  • 

,  , 

,  , 

■  • 

•  • 

Mliarara  . 

20-1 

2(J-S 

2(;-i 

2.")-;5 

24-8 

2(1-4 

21; -4 

2(;'2 

2.5-9 

24-8 

24-8 

24-8 

25-7 

Biikoba  . . 

27-3 

20- 3 

27-4 

28-7 

27-'.l 

25-7 

2.")-(; 

2.V3 

2i'i*i) 

27-2 

27-4 

27-3 

20-9 

]\Iuanza  • . 

2C)-0 

2(3 -1 

28 -.5 

2(;-'.i 

2(J-7 

,  , 

27-7 

27-5 

2t;-7 

28-5 

22-7 

25-8 

[20-71 

Tal)()ra    . . 

2!) -5 

29 '7 

2!)-l 

29*2 

29 -1 

28-8 

29-4 

30-9 

31-8 

33-8 

32-4 

31-3 

30-4 

1.     1901, 

r.l02  and  lllOl.        2.     1002  and  IWH,  except  February  ami  March  1'.I02. 

Me.\n  Daily  Mi.s-imim  Temperatvre.'  —  (Centigrade). 


ri.ACK  .laii 


Entebhe. 
Jinja 
Masaka  . 
Jlmiiia-i  . 
Jlbara  a 
Bukolia  . 
Muaiiza  . 
Tabora    . 


17-8 


15-2 

13-8 
13-1 
20-1 
17-0 
21-9 


Feb.      Mar 


17-7 


13-8 


19' 


22-1 


17-4 


15-3 
14-0 
13-3 

2(1-8 


21-8 


April     May     -Inn 


17-5 
18-1 
15-4 
10 -3 
13-3 
2l)-8 
17-3 
21-0 


18-0 
17-1 
15-3 


17-1 

10 -It 
15-0 


14-8ll4-() 

13' 

20" 

17' 

21-4'20-9 


5,12-9 
5  20-0 

8l   . 


.Iiilv     All 


10-4 
10-0 
15-1 


10-3 
15-9 
15-8 
II 
•> 


■>■>.<) 


Sept. 


10 -S 
10-4 
15-3 
13-9 
12-9 
20-2 
18-4 
24-4 


Oct.      Xnv 


10-9 
10-7 
15-0 
14-3 
14-5 
20-1 
17-5 
25-5 


17 

17 

15 

13 

13 

20 

18-0 

24-4 


lice.        YkaH 


15-0 
15-3 
11-2 
20-0 
17-8 
22-8 


17-2 
[10-8] 
15-4 
14-5 
13-3 
20-2 
[17-7] 
22-0 


Mean  Dii-rnal  Range  ok  Temperatire.  —  (MAXiMiM-MiNiMnvi). 


Place 

.Ian. 

Feb. 

Mar. 

April 

May 

.Iiine 

.Inly 

All- 

Sept. 

Oct. 

Nc.v. 

Dec. 

Year 

Entebbe.. 

9-9 

9-3 

9-4 

8-5 

7-4 

8-5 

8-9 

10-1 

10-8 

10-8 

10-1 

10-0 

9-5 

.Jinja 

. . 

,  , 

,    , 

9-0 

10-8 

10-7 

10-C) 

11-8 

12-3 

12-4 

11-5 

10-3 

[11-11 

Ma.'iaka  . . 

10-3 

9-3 

9-1 

8-5 

7-8 

9-3 

lL-1 

9-1 

8-4 

9-2 

8-7 

8-3 

9-] 

]\Iuniias  • . 

15-3 

,  , 

13-0 

10-1 

9-0 

a    • 

,  , 

•  • 

•  ■ 

,  , 

•  • 

.. 

,  , 

Mbarara  . 

13-0 

13-0 

12-8 

12-0 

11-3 

13-5 

13-0 

12-0 

13-0 

10-3 

11-7 

13-0 

12-4 

Bukoba  . . 

7-2 

5-9 

0-0 

7-9 

7-4 

5-7 

0-3 

5-8 

0-4 

7-1 

7-3 

7-3 

('.-7 

Muan/.a  . . 

9-3 

7-0 

.   a 

9-0 

H-'.) 

•  • 

11-4 

10-1 

8-3 

11-0 

4-7 

8-0 

r,s-8i 

Tabora    . . 

7-0 

7-0 

7-3 

7-0 

7-7 

7-9 

S-3 

8-0 

7-4 

8-3 

8-0 

8-5 

7-8 

1  Cf.  al.-i.)   I'et.  .Mitt.   I'.IO.".,  articles  by   Dr.  .).   Ilulliiiaiiii. 
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Relative  Humidity.  —  (7  a.m.  and  9  a.m.). 


Place 

Jan. 
8(; 

Fob. 

88 

Mar. 
91 

.April 

May 

.jiiiip 

.luly 

89 

Aug. 

88 

Sept. 

Oct. 

Nov. 
92 

Dec. 
92 

Vear 

Enti'l)l)e     . . 

9") 

89 

88 

86 

90 

89 

Jiii^^a 

7,S 

,  , 

.    , 

7t; 

7(; 

7(; 

81 

80 

79 

80 

83 

82 

[79] 

Ms:>ka        .. 

,  , 

,  , 

•    • 

, , 

.  , 

,  , 

98 

97 

,  , 

98 

98 

98 

•  • 

Mimiias 

78 

89 

70 

80 

83 

lf> 

80 

80 

82 

88 

87 

87 

82 

Jlharara     .. 

82 

87 

8.5 

87 

86 

8.5 

88 

^■2 

76 

i^2 

87 

87 

84 

l^iikolia 

70 

78 

8:5 

89 

82 

7r) 

71 

77 

79 

80 

82 

80 

80 

Miiaiiza 

8(1 

It 

79 

81 

78 

7)! 

fi.5 

(•.7 

75 

72 

75 

81 

76 

Tal)()ia 

7.; 

7(; 

78 

/.) 

t;;5 

.57 

50 

5.5 

56 

.')< 

t'lC) 

79 

(id 

Relative  Hdmidity.  —  (2  p.m.) 


Place 

.Jan. 

Feb. 

72 

Mar. 
74 

April 

May 

June 

July 

Aug. 

79 

Sep. 

Oct. 

Xov. 

Dec. 

Vear 

Ent<'l)l)e     . . 

di\ 

76 

80 

79 

75 

75 

fiS 

70 

73 

Mtiarara     . . 

,  . 

«  • 

,    , 

•    ■ 

•  • 

63 

53 

58 

73 

74 

67 

[6.51 

Bukola      .. 

62 

64 

/.•) 

82 

72 

6;{ 

59 

69 

t;8 

t;6 

71 

67 

i'ti': 

Miiaiiza 

[\>>, 

(;o 

70 

69 

dd 

d^ 

56 

54 

63 

6;5 

64 

70 

64 

Talxini 

.5C> 

.')/ 

61 

57 

46 

40 

35 

43 

48 

46 

54 

63 

.50 

Rainfall. — The  ref^ion  of  the  lakes  receives  its  rainfall  from  the 
e(iiiatiirial  cloud-holt  which  oscillates  northwards  and  southwards  of  its 
jnean  position  according  to  the  declination  of  the  sun  j  consequently 
rain  falls,  in  almost  every  month  though  at  some  stations  south  of  the 
Victoria  lake  there  is  a  dry  season  from  Jime  to  September.  At  tlie 
present  time  there  are  a  certain  number  of  stations  situated  in  the 
neighbourhood  of  the  lakes  at  which  rainfall  ol)servations  are  regularly 
made,  but  the  majoiity  of  stations  only  provide  data  for  the  last  few 
years,  and  longer  series  are  rare  ;  moreover  many  of  the  series  are 
imperfect,  many  days  and  even  months  being  wanting  in  consequence 
of  the  illness  or  absence  of  observers,  or  from  other  causes. 

Throughout  this  Aast  area  there  is  a  wide  difference  between  the 
rainfall  of  different  districts,  from  the  stc])]H's  on  the  east  of  the 
Victoria  lake,  where  but  little  rain  tails,  and  the  streams  only  How 
for  two  or  three  months  in  the  vear.  to  the  valley  of  the  Sendiki  river 
where,  under  tiie  mountain  mass  of  Kuwenzori,  rain  falls  heavily  and 
almost  daily.  The  maji  rity  of  the  rainfall  stations,  which  furnish 
observations,  are  grou])ed  round  the  Victoria  lake,  and  those  which 
have  been  recently  established  in  the  neighbourhood  of  Hnwenzori  and 
the    Albert  lake  caimot  yet   fiu-iiish    sufficient  trustworthy    data  for 
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determining  the  averafre  rainfall.  Thus  we  are  cnniiiclled  to  utilise 
largely  the  accounts  of  tra\ellers  who  liave  passed  through  the  different 
districts,  though  such  observations,  not  being  supported  by  exact 
measurement,  are  not  easily  comi)arable.  As  is  usual  in  the  equatorial 
zone  most  of  the  rain  falls  in  heavy  sliowers  lasting  for  sonic  hours, 
but  continuous  rain  for  24  hours  or  more  is  less  common.  Tlicse  falls 
of  rain  occur  usually  in  the  afternoons,  the  mornings  and  nights  being 
mostly  fine  ;  severe  thunderstorms  are  very  connnon,  and  in  the  rainy 
season  they  occur  almost  daily. 

Commencing  with  the  southern  portion  of  the  area,  the  German 
station  of  Tabora  situated  in  lat.  5°  3'  S.  and  long.  32°  .53'  E.  furnishes 
a  series  of  observations,  which  are  of  interest  although  the  station  is 
not  within  the  Nile  Basin.  There  are  many  gaps  in  the  records  but 
probably  the  average  total  rainfall  amounts  to  about  (550  mm.  per 
annum,  Avhich  falls  from  Novemlier  to  April,  the  remaining  months 
being  almost  rainless,  when  the  south-east  trade  wind  sweeps  over 
the  district  producing  clear  skies  and  dry  atmospheric  conditions. 

On  the  southern  shore  of  the  Victoria  lake  at  the  German  station  of 
Muanza,  on  the  liukumbi  gulf  (lat.  2^  31' S.,  long,  33"  o'E.),  rainfall 
observations  have  been  tjiken  in  l(S94-o,  and  again  from  October,  1 !)()!, 
to  the  present  time.  From  these  it  would  appear  that  the  rainfall  is 
considerable,  i)robal)ly  ir^OOnnn.  or  more;  the  12  months,  April  1S04- 
March  LS!)5,  gave  a  total  of  137.T  mm.,  while  in  1902,  2834  mm.  are 
recorded  as  having  fallen,  so  that  more  observations  are  necessary 
before  a  trustworthy  mean  value  can  be  arrived  at.  The  mean  values 
derived  from  the  existing  observations  show  two  maxima  in  April- 
May  and  October-November,  with  a  principal  minimum  in  July. 

A  more  extended  series  of  obser\ations  is  furnished  by  the  German 
station  of  Bukoba  on  the  west  shore  of  the  Victoria  lake,  rather  to  the 
south  of  the  mouth  of  the  Kagera  river,  in  lat.  0°  o6'  S.  and  long.  31° 
46'  E.  From  the  following  table  it  will  be  seen  that  the  mean  tofcil 
of  rainfall  for  the  year  derived  from  the  observations  is  214(5  mm., 
while  the  two  maxima  in  April-May  and  November,  as  well  as  the 
minimum  in  July,  are  clearly  marked. 

On  the  north  shore  of  the  lake  a  long  and  most  valuable  series  of 
observations  is  available  from  Uganda,  Mackay,  of  the  Church  Missionary 
Societv,  having  recorded  the  rainfall  re<>:ularlv  from  187S  to  188(5  at 
Natete,  near  Mengo.  In  1893  observations  were  made  at  Namirembo, 
and  also  in  1896, 1897  and  from  1900  to  the  present  time  at  Entebbe. 
This  last  station  is  on  the  shore  of  the  lake  ;  Namirembo  and  Natete 
are  close  together  about  2.")  kilometres  further  north. 
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From  these  observations  we  obtain  a  mean  annual  rainfall  of  1197  mm. 
for  1878-86  at  Natete,  and  of  1470  mm.  for  Entebbe,  or  generally  an 
average  annual  rainfall  of  about  1300  mm.  for  this  part  of  the  north 
shore  of  the  lake.  The  two  maxima  occiu*  in  April  and  XoveinV)or 
with  a  minimum  in  July  a.s  at  the  other  stations  on  the  lake.  Some 
rainfall  observations  are  also  available  from  Kavirondo  gulf  on  the 
north-eastern  shore  of  the  lake  where  the  rainfall  was  recorded  from 
January  to  June,  1899,  at  Port  Victoria,  and  from  September,  1899,  to 
the  present  time  at  Port  Florence  (Kisumu).  These  observations  show 
an  average  annual  i-ainfall  of  about  12.^0  mm.  agreeing  with  that  at 
Entebbe  but  the  maxima  are  not  so  well  defined  occurring  from  Feljruary 
to  May,  and  in  November  and  December;  the  July-August  minimum 
is  clci^rly  marked. 

Besides  these  six  stations  there  are  others  recently  estal^lished,  which 
have  as  yet  only  accumulated  observations  for  a  few  months.  Shirati 
on  the  eastern  shore  of  lake  Victoria  shows  the  same  low  rainfall  as  the 
steppes  to  the  east  of  it,  and  for  the  short  periods  during  which  ob.ser- 
vations  exist  the  mean  annual  rainfall  is  oidy  730  mm. 

In  the  region  lying  between  the  Victoria  lake  on  the  east,  and  the 
Albert  and  Albert  Edward  lakes  on  tlie  west,  observations  are  few. 

The  rainfall  observations  from  Fort  Portal  in  the  Torn  district, 
Masaka  in  the  Bnddu  district,  and  ^Ibarara  in  the  Ankole  district,  have 
not  been  long  enough  continued  to  furnish  reliable  mean  values,  as 
may  be  seen  from  the  large  variation  in  the  amount  recorded  for  the 
same  month  in  different  years,  still  the  total  yearly  rainfall  does  not 
probablv  differ  nuich  from  1500  mm.  while  !May  and  November  are 
the  wettest  and  June  the  driest  of  the  months.  Fort  Portal  has  a 
higher  rainfall  than  the  other  two  on  account  of  its  proximity  to  the 
Ruwenzori  range.  Recently  also  at  Butiaba,  on  the  eastern  shore  of 
the  Albert  lake,  the  rainfall  has  been  measured,  reaching  for  1904  the 
very  moderate  total  of  700  mm.,  though  there  is  no  reason  to  believe 
this  to  have  been  an  abnormally  dry  \ear  in  Central  Africa. 

Further  south  in  Usiba '  Herrmann  states  that  the  climate  is  unusually 
wet,  and  that  it  rains  almost  daily  throughout  the  year ;  thunder- 
storms are  frequent. 

In  Karagwe  there  appears  to  be  heavy  rain  in  ^larch-April.  In 
western  Karagwe"  Stuhlmann,  at  the  beginning  of  April,  describes 
heavy  dew  Ciicli   morning,  soaking  all  clothes,  etc.,  then  fine  weather 

t  "  Dcr  Wasiba  und  ihr  Land,"  p.  44.    R.  Fitznor.  "  Der  Kagera  Nil,"  p.  40. 
'  "  Mit  ICniiii  raselin  in  Afrika,"  p.  237. 
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in  tlie  forenoon,  but  by  noon  cloud  masses  have  formed,  and  in  the 
afternoon  there  are  heavy  downpours  accompanied  by  thunderstorms. 
Just  before  sunset  the  sky  clears. 

In  Ruiuidrt'  von  Giitzen  states  that  there  are  no  defined  wet  and 
dry  seasons,  while  in  north  Ruanda  the  natives,  accordiuii'  to 
Lanjiheld,'  state  that  it  rains  throiiiiliout  the  vear. 


Dr.  H.  Maurer,  '   in    discussin""   the   observations    of    Pmkoba 
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Muanza,  points  out  that  the  effect  of  the  great  water  surface  of  the 
Victoria  lake,  fi(S,000  squan;  kilometres,  is  frc(iuently  sufficient  to 
mask  completely  the  seasonal  winds  ;  land  and  lake  breezes  blow  with 
sufficient  strength  to  obliterate  the  south-east  trade  winds  here. 
Throughout  the  year  at  Bukoba  at  2  ]).m.  the  wind  blows  off  the  lake 
from  ESE.  and  S.,  Avhile  at  9  p.  m.  a  W.  or  NW.  wind  is  blowing 
from  the  land.  At  Muanza  at  7  a.m.  a  SE.  wind  is  blowing  towards 
the  lake,  but  at  t  p.m.  this  is  reversed  and  the  NW.  and  N.  wind  com- 
pletely over])Ower  the  SE.  trade  wind  exce])t  in  -June  and  July.  It  is 
probably  this  predominance  of  easterly  winds  blowing  oil'  the  lake 
that  causes  the  high  annual  rainfall  at  Bukoba. 

The  mean  monthly  rainfall  at  different  points  of  the  lake  plateau 
falling  within  the  Nile  basin  is  given  in  tlie  following  table,  derived 
from  observations  up  to  the  end  of  1904. 


Mean  Monthly  Rainfali,.  —  (In  Mili.imkthks). 


Place 

LntitiKi.' 

d 

1 

•n 

73 

0) 

3 

il 

% 

> 

1 

^'«ir 

■"; 

(; 

i:u 

137 

12;{ 

21) 

< 

ir)S 

;i7 

c 

i;{() 

HCi 

1)0 

Butiaba. 

2'.t 

iii;5 

Fort    Portal. 

0°  40'  N. 

0.5 

41 

i;i7 

168 

1(')0 

12;5 

IOC, 

115 

It'll; 

211) 

i4;i 

411 

14S2 

Mliar:ira       .. 

0°  ;];)■  s. 

s;) 

SI 

179 

\Y.\ 

'.•2 

4(; 

.•51 

2i; 

1S2 

215 

22(; 

KW 

141)3 

Masiika .      . . 

0°  20'  s. 

71 

127 

lO'.t 

234 

i(;o 

17 

20 

1(12 

1.51 

154 

12S 

lis 

i;{5s 

Jiiija    .. 

0°  27  N. 

cS!l 

i\i\ 

'.k; 

210 

117 

711 

4:i 

21 

(;2 

Dl 

i(i;i 

117 

1177 

Entchhe       . . 

0°  ;r  s. 

80 

;i7 

174 

233 

1C,7 

i2;i 

C.l 

70 

SI) 

7S 

It'll) 

144 

M7l'i 

Natt'te..      .. 

0°  10  N. 

fill 

no 

114 

187 

122 

72 

s,-) 

17:5 

111) 

133 

112 

42 

USD 

Miimius. 

0°  20'  S. 

7') 

'.•;• 

1211 

239 

20G 

20S 

17;$ 

4(; 

ISCi 

lie. 

i4;i 

114 

1S44 

Kismnii 

0°   »;'  s. 

70 

IIS 

10(5 

162 

127 

SO 

42 

;-)0 

7.5 

1)7 

142 

152 

121('i 

Sliirati ' 

1"    2'  S. 

91 

4:i 

('>() 

169 

Si) 

42 

•>•) 

i'l 

2(; 

7i; 

;{4 

I'll) 

7;iO 

Hukol.a^      .. 

1"  20'  S. 

iti; 

172 

2S!» 

571 

4o;i 

■A 

2S 

:>{\ 

(■>2 

D.-J 

208 

122 

214t', 

MllJUlZM^ 

2°  ;n'S. 

12.S 

117 

112 

184 

i4t; 

I  OS 

s 

101 

w, 

11)2 

237 

'!■> 

1.521 

Tal)ora  ' 

iy   ;5  8. 

111 

104 

104 

S7 

20 

0 

0 

t) 

11 

15 

S5 

li22 

til'i2 

I   ■■lliirch    Afi-iUi  V.111  Ost  iiMi'li   West,"    lipilin    ISii:,,  p.  in.-i. 

-  n>i(j,  |>.  ::!. 

3  Ziir  KliiiiLitciliijiiL'  von  deutscli  O.st  Afrik.n.  Arcliivos,  Der  di'iitschcr  Seew.irtp.  XXIV,  I'.IOI,  |i.  22. 
*  To  011(1  of  1'.M13. 


—  27  — 

But  for  comparing  one  year  -with  another,  and  especially  one  of  the 
rainy  seasons  with  its  amount  in  different  years,  the  stations  near  the 
Victoria  Inkv.  are  jjrobably  misleading  on  account  of  tlie  influence  of 
this  water  surface,  so  that  the  stations  on  the  plateau  to  the  east  are 
preferal)le.  As  the  rainfall  of  March,  April  and  May  is  due  to  the 
passage  of  the  rainbelt  when  it  is  on  its  yearly  move  nortli wards, 
followed  by  the  southerly  winds,  the  variations  of  rainfall  of  that  season 
are  of  importance,  since  the  further  extension  of  these  rains  northward 
su])plies  in  June,  July,  August  and  September  the  rainfall  on  the 
Sudan  plains,  and  on  the  Abyssinian  tabledand — the  catchment  basin 
which  supplies  the  Nile  flood.  Whether  an  unusual  development  of 
the  rainfall  in  this  equatorial  belt  is  due  to  a  westerly  diversion  of 
the  moisture-bearing  currents  at  the  expense  of  the  Abyssinian  rainfall 
is  a  question  which  cannot  yet  be  answered  ;  certainly  in  some  years 
heavy  rainfall  south  of  lat.  6°  N.  occurred  in  years  wlien  Abyssinian 
rainfall  was  markedly  deficient,  as  in  190:?,  while  it  has  also  been 
deficient  in  years  of  bad  Nile  Hcod,  as  in  1899.  The  matter  is  an 
im])ortant  one  and  the  effect  of  local  conditions  in  north-east  Africa  on 
the  southerly  monsun  winds  of  the  summer  will  not  be  fully  understood 
till  the  part  played  by  these  equatorial  rains  is  better  known.' 

The  amount  of  rain  recorded  as  falling  in  each  month  for  the  differ- 
ent years  diu-ing  which  observations  liave  been  made  are  given  in  the 
tables  which  follow,  but  it  is  diflBcult  to  trace  any  definite  relation 
between  these  amounts  and  the  variation  of  the  lake  level  for  the 
reason  given  above.  The  rain-gauge  stations  are  few  and  large  areas 
of  the  country  have  none,  while  on  the  lake  shores,  where  the  local 
conditions  ])revent  the  rainfall  being  representative  of  the  basin,  nine 
out  of  thirteen  stations  are  situated. 


RAINFALL   IN   MILLIMETRES. 


Tabora       LAxriL  de  ir'  '.■>'  S.     LoxGiTrnE  32°  53'  E.     Altitide  1230  Metres. 


Date 

.Jan. 

Feb. 

Mar. 

April 

May 

58 

.June 
0 

July 
0 

Aug. 
0 

Sept. 

Oct. 

Nov. 
57 

Dec. 
118 

Year 

1893 

48 

0 

[281] 

is;i4 

icw 

1  1 

2(»S 

i(;5 

1 

31 

0 

tl 

0 

•> 

;i5 

83 

s;{2 

is;).-) 

143 

17.5 

los 

124 

10 

0 

0 

0 

,  . 

,  . 

,  « 

[5(;()' 

IS'.t'.l 

Ktl 

12.5 

11(1 

45 

0 

0 

0 

,  , 

0 

13 

71 

,  , 

"4('>5 

I'.lOl 

,   . 

•  • 

(;2 

82 

2 

0 

0 

0 

0 

0 

2t; 

34 

2ot; 

1'.I(I2 

.50 

.:)( 

i)i 

4(; 

•J 

2 

0 

0 

4 

•> 

4.3 

811 

.352 

i;t(i3 

'.1.5 

Si; 

7H 

GO 

71 

0 

0 

0 

0 

70 

217 

284 

;tC)2 

llt{)4 

132 

ll'.t 

lOCi 

210 

ll'.t 

3(; 

13 

(1 
4 

0 
0 

(1 
0 

0 

IC. 

51 
8(1 

lf)8 
12'.» 

745 

Mean . . 

11.5 

SO 

2(t 

7 

15 

(■75 

■  See  cli.ip.  X. 
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Muanza.     Latititde  2°  31'  S.    Longitude  33°  5  E.    Altitude  1135  Metres. 


Date 

.I:in. 

"llO 
■202 

12.S 

Feb. 
122 

•  • 

43 

1.S7 

117 

Mar. 
210 

•  • 

72 
112 

April 
1C)5 

•  • 

217 

LS4 

May 

June 

July 

•  • 

'io 

Aug. 
80 

22(; 

Sept. 
74 

•  • 

271*. 

Oct. 

isi 

*42 

470 

1!)2 

Nuv. 

I  Ice. 

YEAIl 

is;t4 
i.s:»5 

I'.tOl 
1'.I02 
I'.IO.'i 

13") 

37.S 

79 

103 

151 
002 

237 

121 

•  • 

'.•2 
1)2 

j  1375 

[25;.] 

2,S35 

[3,s;.] 

Mean'. 

i4(; 

io,s 

s 

101 

1521 

Btikoba.     Latitude  1°  20'  S.    LoNfiiTUDE  31°  52'  E.   Altitude  1140  Metres. 


Datk 

Jan. 

5t; 

.s;i 
112 

130 

'70 

117 

96 

Feb. 

•  ■ 

IGO 

•  • 

12(1 
224 

172 

Mar. 
299 

22f< 
312 

April 

751 
3;"il 

•  • 

•  • 

May 

•    • 

32(» 

720 

1(58 
403 

JmiM 
'12 

4 
140 

•  ■ 
■  • 

54 

■Inly 

Ans. 

S..pt. 

70 

5 

50 

m 
02 

Ort. 

Si; 

11(1 

74 

i(*)i 

•  • 

93 

i9;i 

195 
329 

■  • 

147 

•  • 

174 
209 

D.C. 

142 

74 

113 

i;)5 

88 
122 

Yeah 

i.s;)3 

1S'.)4 
is;  15 
i.s;tt; 
i,s;)7 

i,s;i,s 

H»01 

i;i()2 

1903 

"27 

14 
'43 

58 
00 

51 
*57 

[ 

"55  r 
"85;t" 
.'00(; 

[112] 

1300 

'484' 

=202' 

"(■>00' 

[117] 

Mean'. 

28(1 

571 

28 

50 

2140 

Shirati.      Longitude  33°  .50'  E.    Latitude  1°  2'  S.    Altitude  1135  Metres. 


Date 

Jan. 

;ii 

Feb. 
49 

Mar. 
00 

April 

169 

May 

8;t 

June 
42 

July 
22 

Aug. 

6 

Sept. 

26 

Oct. 

Nov. 

Dee. 
00 

Year 

Mean  ^. 

70 

34 

730 

1  Mean  derived    from  April    IMU-May  \mr,  ami  Oct.    1001. D.-c.    lOO:?.     Ulili;;    in    Dentsch  Ost 
Afrika  Zeitung  16  April  lit04. 
'   Mean  after  Uhlig  loe.  cit. 
3  Mean  for  Nov.  1902-Dec.  190.S.  Uhlip  loc.  clt. 
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Natete.     LAirnDE  0°  10'  N.    LoxGiTfDE  32°  26'  E.     Altitude  1250  metres. 


Date 

Jan. 

Feb. 

Mar. 

April 

May 

.June 

.July 

Aufr. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

1S77 

•  • 

some 

much 

much 

much 

less 

1.S7.S 

•  • 

,  , 

,  , 

132 

38 

38 

,  , 

, , 

•  • 

,  , 

54 

89 

[351] 

1879 

142 

93 

134 

144 

203 

52 

11 

29 

141 

89 

84 

39 

1159 

1880 

5 

160 

137 

,  , 

.  . 

•  • 

,  • 

•  • 

[302] 

1881 

85 

123 

168 

345 

1(18 

6C 

67 

8,S 

/  ( 

90 

119 

60 

1396 

1882 

40 

126 

54 

214 

'.^K 

4.S 

74 

79 

119 

193 

71 

26 

1142 

1883 

112 

6t') 

75 

18(1 

110 

75 

136 

120 

71 

0/ 

KK) 

20 

1122 

1884 

13 

84 

76 

11(1 

62 

W 

91 

36 

110 

235 

110 

8 

1034 

1885 

30 

128 

168 

145 

140 

132 

133 

87 

78 

135 

los 

52 

1336 

ISSO 

52 

9S 

98 

226 

221 

64 

■■ 

■■ 

"  ' 

■■ 

■■ 

■■ 

[759] 

Mean . . 

60 

110 

114 

187 

122 

72 

85 

73 

99 

133 

92 

42 

1189 

Namirembo.    (Xear  Natete). 


Date 

Jan. 

Feb. 

Mar. 

April 

May 

.J  line 

.Inly 

Aug. 

Sept. 

o.t. 

Nov. 

Dee. 

Year 

1892 

He 

avy  r 

ain 

1893 

, , 

, , 

[74] 

227 

ioo 

61 

■2(\ 

17 

i2(; 

121 

69 

54 

[87.5: 

1894 

'J 

■■ 

■■ 

" 

" 

" 

■■ 

■ 

*  * 

*  * 

*  * 

[•9] 

Entebbe.      Latitude  0°  3'  S.     Longitude  32°  30'  E.     Altitude  1160  metres. 


Date 

Jan. 

Feb. 

Mar. 

it'x) 

i.54 
133 
73 
335 
2.50 
239 

183 

April 

217 

349 

;ii5 

199 
129 
221 
172 
138 

221 

May 
113 

267 

(i8 
199 
105 
175 
212 
209 

172 

June 

81 
81 

iis 

128 
28 
260 
137 
169 

129 

July 

Awr. 

Sept. 
(■.() 

'87 
17 

142 

113 
59 

108 

Oct. 

117 

'39 
49 

114 
83 

165 

90 

Nov. 

306 

i.52 
oS 

197 
95 

203 

194 

Dec. 

Year 

1896 
1897 
1899 
1900 
1901 
1902 
1903 
1904 
1905 

■44 

'60 
94 
74 

167 
42 
55 

77 

"(U 

108 

125 

177 

18 

91 

18 

,S 

73 

'ii 

102 
57 

133 
46 

144 

72 

104 

•  • 

•  • 

74 

5 

101 

30 
106 

44 

119 

'42 

318 
105 
96 
139 
186 
187 

[1125' 

[978" 

1564 
1214 
129.! 
1 769 
1600 
1670 

Mean . . 

ii(i 

84 

172 

149 

1501 

—  30  — 
Bugala  (Sesse  Islands).      Lat.  0"  10'  S.     Loxc  32°  20'  E.    Alt.  1135  metres. 


Hate 

Jan. 

Fi-l.. 

5I;.r. 

Apiil 

Mmv 

JiUle 

.Inly 

All-. 

Srpt. 

O.t. 

Ni.v. 

Dec. 

Vi:.\n 

1004 
l'.IO,5 

143 
143 

•  ■ 

1)3 

;t3 

2.55 
25.5 

245 
2(I(S 

22t; 

42.S 
332 

72 
117 

04 

135 
135 

no 

< 

lit) 

SO 

not 
.SO 

142  323 
received 

142  .323 

24i; 

> 

24C. 

[lf).-)5' 

:i2.s.3; 

Mean.. 

380 

223(J 

Jinja. 


Lat.  0  27'  N. 


Long.  32°  12'  E. 


Alt.  1135  metres 


ll.VTE 

J:in. 

7t; 

Ffb. 

103 

Mar. 

2S 

April 

270 

Mav 

.June 

.July 

Au-. 

100 

.'^ept. 
IS 

Ort. 

87 

Xov. 

Dec. 

Vkau 

1002 

174 

24 

77 

110 

10.3 

1278 

1003 

145 

4.S 

115 

<  3( 

)0> 

152 

<  S3  > 

ot; 

127 

4.5 

58 

1U17 

]0(I4 

4X 

47 

145 

151 

1 1 

(■)2 

22 

125 

73 

88 

147 

131 

hk; 

10(15 

i;2 

,S3 

IS 
54 

OS 

oc 

1(H) 
170 

104 
12(; 

12 

(;2 

S7 
5S 

CO 

lot; 

till 

137 

110 

2.!1 

135 

7t; 

02 

1071 

Mean. . 

1157 

Kisumu. 


Lat.  0°  6'  S. 


Long.  34°  3G'  E. 


Alt.  1135  metres. 


Date 

1800 
lOIKJ 
lOOl 
1902 
10O3 
1004 
10O5 

Mean. 


.Ian. 

•3 

Fft.. 

*3 

liar. 

2(; 

April 
SO 

May 

123 

.III  lit' 

()5 

.July 

2 

Autr. 

.Sept. 
(•)8 

Oct. 

Nov. 

Dec. 
128 

74 

118 

132 

ICv! 

lis 

128 

47 

75 

.30 

08 

03 

73 

150 

158 

54 

220 

104 

272 

OS 

53 

40 

<) 

17 

lit; 

104 

78 

21 

34 

45 

,  , 

,  , 

30 

00 

32 

104 

75 

310 

187 

145 

131 

158 

202 

220 

232 

27 

20 

Ot; 

1.53 

18 

112 

0 

;it; 

Of. 

122 

i4(; 

17 

43 

US 

43 

01 

144 

240 

120 

73 

2:54 
124 

1(K) 
152 

51 
114 

42 

75 

(54 
45 

5(; 

50 

^})^ 

43 

103 
145 

.350 
ISO 

SO 

111 

(IS 

80 

Yea  I! 

[(;oo] 

12.53 

1273 

[037] 

1514 

1105 

i3(;3 

1238 


Da  vs. 


Mumia's. 


Lat.  0'  2(.'N. 


Long.  34°  30'  E. 


Alt.  1220  metres. 


Date 

.Ian. 
OO 

Feb. 

112 

Mar. 
151 

April 

22C, 

May 

147 

.June 
.321 

.July 

157 

All};. 

273 

Sept. 

4t)t; 

Oct. 

Ni)V. 

.Dec. 
34 

Veak 

1807 

277 

178 

2372 

1808 

OS 

55 

80 

302 

203 

201 

211 

117 

no 

105 

177 

17 

17.54 

1800 

,  . 

.  , 

40 

205 

22:) 

122 

f;(; 

t;4 

01 

102 

t;i 

71 

[1135] 

10t)0 

Ill 

2i(; 

174 

loo 

170 

125 

103 

152 

123 

lit; 

247 

2it; 

1S71 

10t)l 

2(; 

144 

110 

202 

228 

58 

124 

77 

174 

118 

85 

45 

14S] 

]0t)2 

3S 

22 

70 

213 

2'.)0 

113 

2S2 

lot; 

177 

158 

187 

1.38 

1S03 

10O3 

i7(; 

75 

24.3 

100 

108 

410 

2t;2 

85 

274 

i(;o 

114 

114 

2.il0 

10O4 

18 

t;t; 

1.52 

270 

172 

221 

175 

203 

i2(; 

i2(; 

Ot; 

114 

1748 

1005 

10(J 
70 

58 
04 

128 
120 

154 
230 

232 

200 

80 
104 

127 

247 

84 
175 

100 
152 

24i; 

22i; 

1803 

IMean  . . 

it;7 

157 

1.55 

108 

1849 

Masaka 


—  .31  — 
Lat.  0°  20'  S.     Long.  .31"  .50'  E.        Alt. 


nietre.s. 


Date 

Jan. 

bv-b. 

Mar. 

.Vpril 

May 

.JllMH 

July 

All-. 

124 

Sept. 

On. 

Xi>v. 

Dec- 

Year 

11102 

•  • 

,  ^ 

•  • 

.53 

270 

174 

1.57 

1903 

a  , 

• . 

i.34 

242 

78 

20 

22 

19 

189 

101 

87 

.57 

[949] 

1904 

71 

127 

84 

22(; 

242 

14 

4 

43 

113 

'••2 

121 

139 

127(; 

1905 

84 
78 

8 

138 
119 

17.5 

107 

23 

19 

32 

28 

.58 

29 

98 

132 

177 
1.32 

1121 

Mean . . 

214 

102 

Gl 

110 

140 

128 

12.59 

Mbarara. 


Lat.  0°  39'  S. 


Long.  30°  49'  E. 


Alt.  1370  metres. 


Dati; 

.Jan. 

18 

72 

.Mar. 

.Xpril 

iMay 

June 

July 

12 

Aug. 

Sejit. 

Oct. 

lOG 

Xuv. 

Dec. 
G5 

Year 

19(t2 

170 

GO 

48 

53 

101 

(-.2 

122 

8s;i 

1903 

•  • 

8 

.  . 

•  • 

48 

85 

38 

21 

194 

229 

212 

79 

[914] 

1904 

159 

1(12 

188 

i2(; 

181 

(1 

4.3 

2;5(; 

291 

311 

345 

254 

23 IG 

19();5 

1(19 
115 

114 

48.3 

137 

44 

80 

0 
34 

0 
23 

115 

299 

280 

37.3 

413 
20.3 

2427 

Mean.. 

89 

280 

108 

123 

212 

232 

2G3 

17G2 

Fort  Portal  ('r.»-«).         Lat.  0°  4('' X.     Long.  30"  2(.' E.    Alt.  14.50  metres. 


Date 

Jan. 

Feb. 
14 

(57 
9.3 

Mar. 

G(') 
209 
210 

April 

May 

June 

[83] 

2(10 

2l'> 

in 

123 

July 

247 

49 

21 

corre 

Aug. 

Sept. 

Oct. 

188 
195 
275 
25G 

228 

Nov. 

Dec. 

"14 

84 
98 

Yeah 

1902 
1903 
1904 
1905 

55 

43 
49 

24G 

91) 

78 

138 

244 
122 

115 

< 

IGO 

15G 
G7 
122 
ct 

1.33 

192 

1G4 

> 

2.54 
107 

147 

[1.305 
[1332' 
1297 
[925] 

Mean . . 

58 

1G2 

lOG  115 

1 

1G3 

144 

b.j 

1511 

Butiaba  (/.((/ (' .1 //'<')•/).      Lat.  1""  4o' X.      Long.  31' 10' E.     Alt.  710  metres. 


Date 

Jan. 

Feb. 

Mar. 

131 
131 

131 

April 

137 

118 

128 

May 

99 
179 

139 

June 

July 

Aug. 

Sept. 

Oct. 

130 

170 

1.50 

Nov. 

Dec. 

Yeau 

1904 
1905 

29 

7 

18 

G 
12 

<) 

123 
22 

72 

29 

84 

5G 

58 
1G5 

112 

37 
117 

77 

9G 
182 

139 

90 
7G 

83 

9G5 
12G3 

Mean.. 

1114 

Winds  — The  trade  winds  blow  steadily  in  places  more  removed 
iVoin  tlie  lake  as  at  Tabora  to  the  south,  where  east  and  south-east 
winds  [irodoMiinate  throughout  the  year.  At  this  stntion  we  are  to  the 
south  of  the  true  equatorial  belt,  and  there  is  consequently  Ijut  one 
rain\'  season,  December  to  April,  the  rest  of  the  year  being  almost 
rainless  and  the  humidity  then  very  low. 


—  32  — 

In  the  summer  months,  when  the  rain-belt  lies  to  the  northward, 
these  dry  south  and  south-east  winds  must  blow  across  the  lake  catch- 
ment basin  even  thouj^h  the  diurnal  reversal  of  winds  on  the  lake  itself 
is  not  mastered  by  them,  and  will  jjreatly  increase  the  evaporation.  It 
will  be  seen,  when  the  lakc-puige  readings  are  examine<l,  that  this  is 
actually  the  case,  and  that  tlicre  is  a  very  marked  dimimition  of  the 
water  during  the  greater  dry  season,  which  must  be  due  primarily  to 
grpatly  increased  evaporation  from  tlie  hik(!  surface,  and  in  a  much 
lesser  degree  to  the  discliarge  at  the  Kipon  falls  which  when  it  reaches 
GOO  cubic  metres  per  second  is  only  equivalent  to  0.7(!  mm.  from  tlie 
whole  lake  surface  daily. 

PERCENTAGE  FREQUENCY  UF  WINDS  UN  LAKE  VICTORIA. 


Tabora— 18'.t;!-lSi(;t 

(Observation- 

at     7  ; 

i.in..    2 

p.m.,   : 

]i.m.) 

Miiiiths 

>! 

NK 

E 

SK 

s 

s\V 

\v 

N\V 

Ciiliii 

.laiiuarv 

f. 

VI 

17 

12 

•> 
•  > 

'1 

7 

4 

.•{(; 

Fohriiarv    . . 

4 

'.1 

17 

;( 

12 

/ 

1 

(■) 

21 1 

Marc-li . .      . . 

s 

l.i 

2.S 

( 

1 

4 

■.] 

1 

:',2 

April    ..      .. 
May     . .      . . 

1 

;) 

I'.i 

If) 

0 

•> 

1 

1 

9-; 

(1 

;> 

.■>! 

22 

1 

1 

0 

0 

20 

June    . . 

0 

•> 

4t; 

2.") 

s 

;5 

(1 

1 

14 

July     . . 

0 

■> 

t;.") 

r.t 

4 

1 

0 

0 

1) 

Alienist.. 

0 

:\ 

(IS 

20 

•> 

1 

0 

0 

(1 

September  . . 

1) 

1 

.".4 

I'.I 

1 

0 

0 

1 

l.S 

Octolicr. 

1 

s 

4(; 

'>■> 

4 

■> 

1 

1 

]:> 

Novomlxir  . . 

•> 

l.i 

40 

7 

;i 

■> 

;'. 

■J 

2S 

Decemljer  . . 

w 

]] 

21 

2 

1 

*; 

KJ 

■A 

;i7 

Muanza. — April  l.S',t4-Marcli  is;).")  (Ohservations  7  a.m.,  2  p.m..  '.I  p.m.) 


Moutlis 

N 

NE 

]•; 

SE 

s 

s\v 

w 

.\  w 

Cuhii 

Janiiarv 

;5o 

7 

12 

15 

10 

7 

10 

7 

2 

Feliniarv     . . 

41 

/ 

k; 

16 

.s 

4 

0 

\-> 

.3 

Marcii . .      . . 

4 

l.S 

4 

17 

2 

4 

.■> 

34 

12 

April    ..      .. 

12 

7 

ry 

l.S 

11 

i) 

1 

i:; 

24 

May     ..      .. 

.'» 

8 

2 

;',o 

,S 

1 

.J 

20 

21 

fliino    .. 

SI 

12 

10 

;io 

12 

.") 

3 

;•. 

IC, 

July     .. 

20 

4 

c, 

13 

32 

'.1 

I 

4 

.'> 

Aujrust.. 

31 

1.-'. 

10 

11 

k; 

i; 

0 

,s 

;> 

Septemlier  . . 

44 

S 

14 

12 

1 

(1 

•  > 

IS 

0 

OctotxM-. 

I'.l 

.'■) 

.'i 

2.'. 

0 

•> 

0 

30 

12 

NovenilH^r  . . 

k; 

I'.t 

1.-! 

(1 

i) 

13 

11 

11 

i; 

Decemljer   . . 

30 

t'l 

13 

24 

') 

4 

G 

12 

;5 

—  ;{;{  — 

Bukoba.' — ((JljscTvation.s  7  a.m.,  2  p.m..  It  p.iii.) 


Moiitlis 

N 

NK 

K 

SK 

s 

s\v 

w 

NVV 

Ciihi. 

.Taiuiar\- 

1.) 

2 

?> 

21 

'.1 

•> 

■) 

I'.I 

.■i;5 

Fobriiar\-    . . 

11 

2 

14 

11 

11 

(■. 

ii; 

k; 

l.'i 

Marcl 

S 

,S 

12 

14 

7 

D 

IS 

14 

1(1 

April    ..     ._ 

7 

0 

17 

18 

7 

11 

21 

11 

;) 

May     . .      . . 

4 

0 

2 

28 

IG 

2 

4 

■; 

41 

June    . . 

s> 

(1 

C 

17 

21 

U 

;") 

4 

•  )•> 

July     . . 

;i 

0 

(» 

2(; 

17 

■A 

(■) 

'.1 

;5i 

Au;iust  . 

-J 
1 

] 

4 

•>:\ 

1.-. 

1 

7 

V.) 

24 

Sejitemher  . . 

1(1 

1 

;) 

k; 

7 

1 

") 

•)■) 

2S 

Octobd- 

1.^) 

•> 

4 

21) 

i; 

■> 

1  1 

14 

2.') 

Novpmiier  . . 

I'.i 

■> 

<; 

IS 

c. 

■> 

7 

20 

I'.I 

December  . . 

11 

4 

7 

I'.I 

.5 

1 

3 

27 

2;j 

Entebbe^— July  lf»01-l)cccmber  11H);5. 


Moiitlis 

N 

NE 

E 

SF 

s 

s^v 

w 

N\V 

CnllTl 

-bnuiarv 

(1 

(1 

0 

11 

ii; 

1 

.") 

•  > 

.")S 

F('bruar\-     .. 

(1 

s 

2S 

■> 

4 

■) 

'>2 

J\larcli..      .. 

2 

0 

2(; 

7 

7 

1 

411 

April    . . 

2 

1 

k; 

n; 

:\ 

■> 

1 

'j2 

May     ..      .. 

2 

1) 

17 

-.', 

0 

0 

r.t 

Juiu)      . 

1 

1 

12 

14 

■> 

•> 

i;;! 

July     ..      .. 

.') 

(1 

•>■> 

1 

•> 

■) 

.")S 

Au.u'iist,  . 

2 

2 

20 

1 

•) 

■> 

.V.I 

So])t('nil)or  . . 

.') 

(') 

l'> 

Ifi 

•) 

4 

1 

.")2 

OctolxT. 

;! 

1 

12 

17 

4 

;5 

•  > 

ad 

NoyemlxM-  . . 

2 

1 

12 

12 

1 

") 

■> 

(-.4 

December   . . 

(1 

1 

11 

12 

2 

8 

1 

(-.4 

Variations  in  lake  level.  •'  —  The  variation.s  in  the  level  of  the 
Victoi'iii  lake  as  ol'  other  lakes  admit  of  division  into  several  distinct 
classes  : — 

a)  The  increase  or  decrease  in  size,  due  to  climatic  or  other  cliani>-es, 
which  affect  them  over  long  periods  ; 

A)  The  oscillations  due  to  variations  in  meteorological  conditions 
having  a  coni])aratively  sluM-t  |)eriod,  such  as  that  of  about  35  vears, 
detected  by  liriickner,  ■*  and  in  which  a  period  of  high  levels  is  followed 
by  a  period  of  lower  levels  ; 

c)  The  animal  oscillations  due,  in  the  case  of  the  Victoria  lake,  to  the 
April  and  November  rains. 

1  Miwror  lor.  cit. 

^  Metcoroloj^ical  Office,  London. 

3  Froni  Appendi.K  III  of  ii  llqiort  on  tlio  l!;isiii  of  tlio  Upper  Nile,  C'liiro,  I'.IOt. 

*  "Klini.ischw.inkungen."    Vienna,  1S90. 
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d)  The  alternation  of  lake  and  land  breezes  causes  a  daily  oscillation 
of  the  water,  which  is  more  noticeable  in  large  lamllocked  j^iilt's  like 
Kavirondo  (Kisunui)  than  in  more  o[)en  situations  as  at  Entel)be. 

e)  Minor  irreguhir  clianges  (Seiches)  wliicli  cjm  only  be  briefly 
mentioned,  since  the  evidence  available  is  quite  insufficient  ft)r  any 
discussion  of  them. 

For  the  first  tvpe,  there  is  much  evidence  all  round  the  lake  that  in 
earlv  timis  its  waters  stood  at  a  higher  level.  Scott  Elliot '■'  attributes 
the  flat  alluvial  plains  which  fill  the  valleys  above  the  [jreseiit  lake 
level,  to  the  detritus  brought  down  by  the  tributiuy  streams  and 
dejiosited  in  the  still  waters  of  the  lake.  He  puts  the  u})p(!r  liuiit  of 
these  alluvial  tracts  at  80  metres  above  the  present  lake  level,  and 
notes  that  the  lake  apparently  remained  stationar)'  for  a  considerable 
time  about  lo   metres  above  its  present  level. 

In  any  case,  seeing  at  what  a  small  elevation  the  water-parting  on 
the  north  shore  of  the  lake  is  situated,  there  can  have  been  no  very 
irreat  vertical  extension  of  the  lake  since  the  earth  movements  which 
turned  the  drainage  of  this  part  towards  the  Victoria  Nile. 

Secondly  we  come  to  the  periodical  variation  of  the  lake  for  which 
the  evidence  is  furnished  by  observations  made  by  travellers  and  others 
visiting  or  residing  by  the  lake,  and  by  the  series  of  the  lake  gauge- 
readings  taken  at  three  points  on  the  northern  shore  of  the  lake 
since  1896.  The  French  missionaries  at  Bukumbi  on  Smith's  Sound 
(south  shore)  are  said  to  have  ])0ssessed  a  record  of  the  level  of  the 
lake  extending  over  many  years,  but  it  is  reported  to  have  been  lost 
with  much  other  scientific  material  by  the  sinking  of  a  canoe  on  the 
lake. 

In  discussing  the  changes  in  the  lake  level  during  a  series  of  years 
from  the  observations  of  travellers  there  is  usually  some  doubt  as  to 
the  exact  nature  of  the  rise  or  fall  they  record.  In  the  case  of  the 
Victoria  lake,  where  the  average  annual  range  during  the  years  1896- 
1904  is  0'"*660,  it  is  often  uncertain,  when  a  rise  of  3  feet  is  recorded, 
whether  this  is  a  somewhat  larger  range  than  usual,  or  whether  a  real 
increase  of  the  mean  level  of  the  lake  is  intended.  In  the  years  for 
which  (rauo-e- readings  exist  the  range  of  the  lake  has  varied  from  0"'"46 
to  0'"'89,  and  variations  in  range  may  be  indicated  to  travellers  as  signs 
of  risino-  or  falling  lake  level  though  they  may  be  of  a  temporary 
character  onl>- ;  caution  is  therefore  necessary  in  interpreting  isolated 
observations. 


1  A  Naturalist  io  Mid-Africa.    London,  IS'jfi,  p.  39. 
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To  take  the  first  class  of  observations  : — 

In  March,  l.STo  Sfcinley'  described  the  island  of  Ukerewe  as  separated 
from  the  mainland  by  a  narrow  channel,  at  one  place  only  0  feet 
wide  and  3  feet  deep  ;  in  dime  of  the  same  year  he  punted  through  it.'' 

Wilson'  notes  that  in  February,  1877  there  was  exceptionally  heavy 
rain  to  the  south  of  the  lake  (Uyui),  and  attributes  to  this  an  unusual 
rise  of  the  lake  at  the  time  amounting  to  2  feet. 

Hutchinson*  states  that  Wilson  noticed  soon  after  his  arrival  at 
Kagehi  (south  shore),  in  the  middle  of  February  1877,  that  the  lake 
was  slowly  rising.  By  May,  10  days  after  the  rains  had  ceased,  the 
level  was  at  its  maximum,  and  then  began  to  recede ;  the  total  rise 
from  a  point  marked  on  a  rock  in  February  was  2  feet.  On  his  arrival 
again  at  Kagehi  on  the  12th  January,  1878,  he  foimd  that  the  water 
level  was  within  1  to  IJ  inches  of  the  maximum  as  marked  on  the 
rock  in  the  previous  May,  showing  that  the  Xovember-DecemVjer  rains 
had  been  particularly  heavy.  On  revisiting  Kagehi  on  the  loth  March 
1878,  the  level  was  the  same  as  on  the  12th  January.  A  few  days 
later  at  Uganda  he  obtained  evidence  of  the  unusually  high  level  of 
the  lake  there  also. 

Felkin''  records  that  the  lake  rose  3  feet  above  its  usual  June 
maximum  in  August  and  September,  1878,  in  consequence  of  the 
exceptionally  heavy  rains. 

Fischer*  records  a  failure  of  rain  to  the  north-east  of  the  lake  near 
Kisumu  in  the  earl}'  part  of  188G,  and  says  that  two  years  previously  the 
rain  had  failed,  so  by  this  time  the  fall  of  the  lake  seems  to  have  set  in. 

Stanley,  on  his  second  visit  to  the  lake,  after  the  rescue  of  Emin 
Pasha,  states'  that  by  September,  1889  the  French  missioiiaries  at 
Bukumbi  had  determined  by  observation  that  the  lake  had  fallen  3  feet 
in  the  previous  1 1  years.  Here  again  there  is  some  ambiguity  ;  a  fall 
of  the  aiuiual  mean  level  should  be  meant,  but  periiaps  the  maxima 
of  different  years  are  referred  to.  He  was  also  told '  that  Ukerewe 
was  no  longer  an  island. 

In  April.  18i)l,  Dermott^  noted  on  the  island  of  Kit;u-o,  south  of 
Ukerewe,  that  the  lake  was  at  a  level  5  or  (J  feet  lower  than  the  high- 


1  •' Through  the  Dark  Continent."  1.,  [i.  lr,u. 

'  Ibid,  p  2.">7. 

3  Proe.  Uoy.Geog.  Soc,  1880.  p.  016. 

*  n>iil.  1879,  p.  1311. 

5  '-Uganda  and  the  Sudan,"  1.,  p.  396. 

«  Pet.  Mitt.,  isy.-,,  p.  (57. 

'  "In  Darkest  Africa,"  II.,  p.  S'.ifi. 

»  Proc.  Koy.  Geog.  Soc.,  1892,  p.  120. 
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level  marks  on  the  rocks  ;  he  also  states  that  the  Lugeshi  (Rugezi) 
straits  between  Ukerewe  and  the  mainland  were  not  passable,  there 
being  only  a  few  inches  of  water  ;  as  in  April  tiie  lake  is  nsually  rising 
steadily,  tliis  observation  tends  to  bt'ar  ont  Stanley's  information,  and 
points  to  the  lake  havhig  been  especially  low  in  lS(Si)-91. 

Lugard'  in  Jnne,  1892,  records  an  exceptionallv  hejxvy  rainfall  and 
a  marked  rise  in  the  lake,  "some  6  feet  perhaps  above  its  ordinary 
level."  This  was  due  to  heavy  rainfall  between  the  November  and 
February  preceding. 

Bavnnann-  in  1892  finds  Ukerewe  to  be  an  island,  but  the  Ru<rczi 
strait  is  fordable,  and  it  is  shown  as  an  island  in  the  latest  maps  :  thus 
there  had  been  a  rise  of  the  lake  due  to  tlie  1 891  rains  aftoi-  Dermott's  visit. 

Baumanu"  collected  all  information  on  the  subject  that  he  could, 
and  was  of  opinion  tliat  the  lake  level  fell  from  1880  more  than  a 
metre,  but  at  the  time  of  his  visit,  (1892-3)  it  was  rising.  This  was 
not  the  commencement  of  a  ])eriod  of  maxima,  as  seems  to  be  implied, 
but  was  due  to  the  heavy  rains  of  November,  1891,  to  February,  1892, 
which  caused  a  higher  mean  lake  level  in  1892. 

Pere  Brard  '  states  that  the  lake  level  on  the  southern  coast  rose, 
in  189."),  I'.',  metres  inconsequence  of  the  heavy  rains,  and  ])lantiitions 
for  200  metres  along  the  southern  shores  were  destroyed.  The  natives 
said  that  no  such  high  level  had  occurred  for  30  years,  Init  thatof  1878 
was  certainly  as  high  or  liigher.  In  this  case  a  high  maximum  is 
probablv  meant  as  the  heavy  rains  began  in  March,  and  were  unusually 
heavy  at  botli  ]\Iuanza  and  Bukoba  throughout  A])ril  and  May. 

From  the  information  collected  by  Sir  W.  Garstin  in  -lanuary,  1903, 
we  have: — 

a)  Pere  liresson,  of  the  French  Mission  at  Entebbe,  stiites  that  there 
has  been  a  considerable  fall  in  the  lake  level  near  Kisibu  (between 
Entebbe  and  the  Murchison  Gulf). 

b)  The  natives  say  that  there  has  been  a  considerable  fall. 

(■)  Mr.  Pordage  sfcites  that  the  reef  in  front  of  Entebbe  was  covered 
in  189(),  but  in  February,  1903,  it  was  well  out  of  water.  The  mean 
level  of  the  lake  has  fallen  about  0"G  metres  between  these  dates, 
according  to  the  gauge  readings  (see  Plate  V). 

(/)  According  to  Mr.  Wilson  since  1894,  3  feet  has  been  the  maximum 
ri.se  of  the  lake,  and  that  was  in  189.5. 

e)  Mr.  Martin  says  that  since  1889,  when  he  first   visited  the  lake, 


1  Ibid.  1S'.»2,  p.  827. 

*  Uuvch  Masni-liiiid  zur  Niliiuelle,  p.  143. 

3  Pet.  Mitt.  IS'JT,  p.  77. 
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there  has  been  a  distinct  fall,  and  certainly  4  to  5  feet  since  1S96.  At 
Kisuinu  there  are  villages  aixl  pasture  where  in  1881)  there  ^Yas  water. 
He  thinks  it  has  fallen  4  to  (i  feet.  At  the  ford  above  the  Ripon 
Falls  the  water  extended  horizdntalh   30  fcc^t  more  than  at  ])resent. 

Sesse  Islands  show  shallowing'  channels,  and  what  were  formerly 
separate  islands  are  now  connected  to  the  neighbouring  land. 

From  Plate  IV  it  will  be  seen  that  in  the  early  part  of  1903  the  lake 
was  as  low  as  it  hail  been  since  o-ausje  readings  began. 

Besides  these  evidences  there  exists  a  tradition  of  a  periodical  rise 
and  fall  of  the  lake  extending  over  from  25  to  30  years. 

Stuhlmann'  speaks  of  meeting  near  Muanza  a  native  some  60  or  70 
years  old  who  stated  that  he  Avas  then  able  to  work  again  the  banana 
plantatioii  which  his  father  had,  but  which  had  been  abandoned  in  the 
speaker's  boyhood  on  accomit  of  the  rising  of  the  lake  level. 

Gedi^e'  states  that  accordinsj  to  natives  on  the  north  of  the  lake 
there  is  a  periodical  rise  and  fall,  having  a  period  of  about  25  years  ;  at 
the  time  of  writing,  apparently,  in  1S91,  the  lev'el  was  between  8  and 
9  feet  below  the  highest  water  mark,  and  they  pointed  out  plantations 
which  were  at  the  time  cultivated,  and  which  would  be  again  flooded. 

Though  these  various  testimonies  are  not  quite  concordant,  there 
appears  to  be,  as  Stuhlmann  also  says,  ^  a  general  agreement  on  the 
part  of  Europeans  and  natives  that  the  lake  level  has  sunk  recently,  and 
particularly  from  1878  to  1892,  after  which  according  to  Baumann, 
there  was  a  tendency  to  rise.  This  rise,  howe\  er,  appciirs  to  have  been 
limited  to  the  years  1892-1895,  or  perhaps  even  to  1892  and  1895  only, 
which  were  years  of  heavy  rainfall.  From  this  time  the  fall  has  been 
almost  contiiuious  up  to  the  end  of  1902,  as  the  lake  gauges  show. 

Tliese  data  may  be  tabulated  as  follows  : — 

1878     Vcrv  l)i<rli  in  Aujrustaiul  September. 
1884     Droufilit  NE.  of  lake. 
188(1     Droii"lit  NE.  of  lake. 


1878  )  (, 
]8'.t()  I  ^^' 


({eneral  fall  recorded  on  sontliern  shore. 

IS'.n     Low. 

IS'.^'I     Verv  liijfli,  heavy  rainfall,  tciidencv  to   rise. 

18!»5     VerV  hi^rl,. 

Comparing  these  with  the  fairly  complete  series  of  rainfall  obser- 
vations at  Natete  near  Entebbe,  1884  and  188G  were  not  there  vevv 
deficient  in    rainfall  ;    1884  had  a  total  of  1034  millimetres  against  a 


i  Mitt,  aus  den  deutsch.  Schutzgebieten.  V.,  p.  190,  1892. 

«  Prot.  Roy.  Geog.  Soc,  1S92,  p.  323. 

*  "Mit  Emin  Pascha  ins  Herz  von  Afrika,"  p.  729. 
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mean  for  S  years  of  1189,  and  the  early  months  of  1886  were  up  to 
the  average.  But  the  eastern  shore  throughout  is  nuich  (h-ier,  aiul  it 
is  certain  tliat  all  over  the  lake  Ijasin  large  variations  in  rainfall  may 
occur  within  short  distances. 

Sieffer, '  after  reviewinjj  the  evidence  for  the  variations  in  level  of  the 
Central  African  lakes,  sums  up  his  results  as  in  the  following  table  : — 


Movement. 

Period. 

Lake. 

Minimum 

ISth  ("cntiirv 

( 'had  anil  Tan^rnnika 

L(i\v 

l,S4(»-l.S.-)(» 

'•                                             )1 

Haiiiil  rise 

1,S."):{-1,S.")."> 

( "had 

Fall 

Before  ISC.C) 

Chad 

Kapid  rise 

lS7.')-7(;  or  1878 

Chaii,  Nya-i-;a,  Tanganika 

Fall 

l.S7'.l-t()  188(3 

Nya.«sa,  Tan^anika,  Kilwa, 

Generallv  speaking  then  18,50  to  1878  would  seem  to  have  been  a  wet 
period,  and  1879  to  lcS86  a  dry  one  for  the  whole  of  Central  Africa  ;  but 
from  what  the  gauge  readings  on  lake  Victoria  teach  (.see  Plates  IV,  V 
and  VI)  it  is  clear  that  lakes  where  evaporation  is  the  main  controlling 
factor,  and  the  volume  discharged  from  the  lake  is  com])'rativeIy 
small,  very  considerable  vai'iation  in  the  le\el  may  take  place  without 
ai  y  marked  increase  in  the  average  rainfall  since  the  lake  level 
responds  quickly  to  any  temporary  increase  in  loss  or  supi)ly. 

Turnina:  now  to  the  recorded  readinijs  of  the  lake  level,  there  are 
three  lake  "-auges  on  the  Victoria  lake,  all  situated  on  the  northern 
or  north-east  shore  of  the  lake  ;  in  German  territory  one  has  been 
established  but  the  site  is  not  yet  known.  Of  these  one  is  at  Entebbe 
on  the  north  shore  of  the  lake,  the  second  at  Jinja,  just  above  the 
Ripon  Falls,  where  the  Nile  leaves  the  lake,  and  the  third  is  at 
Kisumu,  near  the  railway  terminus  on  the  north-east  shore  of  the  lake 
and  at  the  head  of  the  almost  land-locked  Kavirondo  Gulf. 

All  these  gauges  have  been  moved  since  the  daily  readings  of  the  lake 
level  were  first  commence<l  in  1896,  and  some  considerable  gaps  occur 
in  the  records,  still,  after  eliminating  as  far  as  possible  these  sources  of 
error,  there  remains  a  valuable  collection  of  data  from  which  it  is 
possible  to  obtain  a  considerable  amount  of  information.  The  gauges 
were  first  fixed  at  the  end  of  1895  by  Mr.  Macalister, ''  care  being  taken 
to  have  as  firm  a  foundation  as  possible  to  avoid  subsidence  of  the 
gauge;  and  observations  were  commenced  January  1,  1896,  at  Port 
Alice,  which  is  close  to  the  ])resent  site  of  the  Entebbe  gauge,  and  at 
the  Lnba's  gauge  which  was  close  to  Fort  Lul)a's  on  the  east  side  of  the 

I  Bericht  f.  d.  XIII.  Vereins-Jahr  (1887)  des  Verein  d.  Geographen.  a.d.  Univ.  Wien. 
'  Geog.  Jour.,  Oct.,  I'.IOl.  p.40S. 
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Napoleon  Gulf  on  the  north  shore  of  the  lake,  not  far  from  the  Ripon 
Falls.  The  third  .liiiuge  in  1896  was  at  Port  Victoria  at  the  south- 
western end  of  Berkeley  Bay,  an  inlet  of  moderate  size  on  the  north- 
east shore  of  the  lake. 

The  three  gauges  at  Port  Alice,  Luba's  and  Port  Victoria  were 
observed  regularly  until  the  end  of  July,  1897,  when  the  Sudanese 
mutiny  interrupted  the  observations.  The  readings  of  the  Port  Alice 
and  Port  Victoria  gauges  were  resumed  on  September  1,  1898,  and 
that  at  Luba's  on  May  1,  1898.  During  this  interval  there  seems  to 
have  been  no  interference  with  these  three  gauges,  but  this  is  now  of 
little  importance  since  on  the  October  1,  1898,  the  three  gauges  were 
adjusted  by  Capt.  C.  N.  Fowler.  ^  On  the  September  30,  1898,  the 
three  gauges  stood  as  follows : — 

feet.       in . 

Port  Alice     2         4 

Luba's    1         7i 

PortVictoria 15         :) 

The  lake  ]e\el  had  been  very  steady  all  September,  the  range  being 
2^  inches  or  less. 

It  a])]iears  that  Port  Victoria  was  the  gauge  to  Avhich  tlie  others  were 
ailjusted,  and  Capt.  C  N.  Fowler  in  reply  to  a  ([uery  on  the  subject 
writes  as  follows  : — 

"In  year  1898  I  was  consulted  by  ilr.  Ernest  Berkeley,  H.  M.  Com- 
Hiissioner,  as  to  the  fixing  of  a  "zero"  for  all  stations  on  the  lake  ;  the 
result  of  the  consultation  was  as  follows  : — 

"Having  fixed  a  'zero'  at  Entebbe  (Port  Alice),  I  proceeded  in  the 
steam  launch  Victoria  at  full  speed  to  Luba's  station,  some  2^  hours' 
steaming,  and  adjusted  the  'zero'  at  that  station  to  a  deptli  similar  to 
that  recorded  on  Entebbe  gauge,  no  telegraph  available.  Weather  calm 
during  trip.     Method    primitive,    but  only    one  available." 

It  is  seen  from  the  daily  observations  that  on  the  following  day  the 
three  gauges  were  practically  in  agreement,  the  gauge  scales  of  two 
liaving  been  depressed,  so,  though  Cajitain  Fowler  does  not  dcfinitelv 
say  so.  Port  \'ictoria  was  the  gauge  to  which  the  other  two  were 
adjusted. 


Port  Alice. 

I.iiIim's. 

Port  Victoii;!. 

Scpteml.iT  .W 

Adjustment     

Octo'ner  1       

2  ft.    4  in. 

+  10    ,. 

..         ;5ft.    2    „ 

1  ft.  7.^  in. 
4-1   .,    ('<'    „ 

:5  „   U ., 

;5  ft. ;?  in. 

0  .,  0    .. 

•!          -Jl          2 

.1      ..      -o     ., 

1  Brit.  Assoc.  Rep.,  1901. 

'O-.-,  inoli.fall. 
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After  this  the  gauge  remained  at  Port  Alice  until  March  31,  1900, 
when  it  was  removed  and  Pet  uji  at  I'^ntehhc;.  These  ])laccs  arc  close 
together,  and  this  change  introduceil  no  appreciable  error  into  the  scries 
of  observations,  for  the  ffauije  at  Port  Alice  had  been  rcadin"-  '2  ft  S  in. 
fniin  lihh  to  the  ;^lst  of  March  ;  it  was  erected  at  Entebbe  on  the 
1st  April  to  read  '2  ft.  7  in.,  and  the  same  reatling  was  recorded  for 
every  day  in  April,  so  that  the  lake  level  was  practically  stationar}' 
during  the  move  of  the  gauge,  as  is  shown  l)y  the  following  readings 
of  the  other  gauges  : — 

moo 

;?Oth  March         

.•51st       „  

1st     April 

2ml       „       

Unfortunately  this  gauge  was  knocked  down  or  washed  away  on 
May  31,  1901,  and  was  not  replaced  until  October  20  of  the  same  year 
so  that  the  fall  ( if  the  lake  at  tliis  site  from  the  maximum  is  not  recorded. 

After  Luba's  gauge  had  been  brought  into  accord  with  the  other 
two  by  depressing  its  zero  1ft.  (i  in.,  on  October  1,  IS'J.S,  it  was 
regularly  observed  until  July  31,  1901,  and  on  August  1,  1901, 
the  gauge  was  transferred  to  dinja,  close  to  the  head  of  the  Ripon 
Falls  and  about  K)  kilometres  north-west  of  Luba's.  Here  atrain  no 
error  has  been  introduced  into  the  series  of  observations,  for  takingr 
the  daily  readings  at  the  time  we  have  : 


Luba's 

Kisuiuu 

ft.  in. 

ft.  in. 

1   4.0 

2  0.0 

1   0.0 

2  0.0 

1    4.0 

2  2.0 

1  ;$.5 

2  2.0 

Kisuniu 

ft.  in. 

ft.  in. 

(July  29,1901     ... 

2.  2 

2.   f. 

Luba's  gauge   . 

.       „  "  30    „        ... 

2.  2 

2.  8 

(    „     31     „        ... 

2.  1 

2.  6 

\Aug.    1    „        ... 

2.  1 

2.  8 

Jinja  gauge      . 

<             •> 

■•j         5)               —         r 

2.  1 

2.  8 

f     „         o     „ 

2.  1 

2.  G 

Thus  we  have  in  the  Luba's-Jinja  series  of  gauge-readings  a  practi- 
cally continuous  record  from  1st  Octol)er,  1S98,  to  the  present  time. 

This  gauge  was  however  altered  in  December,  1901,  by  having  its 
zero  depressed  11  inches. 


.Jinja 

Entel>I)e 

Kisumu 

ft.     in. 

ft.    in. 

ft.  in. 

mber  20,  1901 
''I 

the  gauge  read 
..         ."         )* 

Difference. . .. 

1.  M 

2.  1 

.•5.  t; 

0.  0 

1.  3 
1.  3 

0.    10 

0.  0 

The  third  gauge  has  had  a  more  chequered  career.     After  readings 
were  resumed  in  September,  1898  at  Port  Victoria,  they  w-ere  continued 
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until  July  81,  1899.  This  station  was  then  closed,  and  the  gauge 
was  transferred  to  Port  Ugowe  (Port  Florence)  on  August  23,  1899. 
This  was  a  move  from  a  comparatively  open  situation  near  the  south 
end  of  licrkelcy  P>ay  to  the  head  of  the  almost  huid-locked  Kaviroudo 
Gulf.  The  amount  of  correction  whicli  should  he  applied  to  all  subse- 
(juciit  readings  of  the  Kisumu  gauge,  in  order  to  bring  them  into 
accordance  with  the  Port  Victoria  readings,  can  be  best  deduced  by  a 
comparison  of  the  readings  with  those  of  the  Luba's  gauge  before  and 
after  August,  1899. 


ft. 

in. 

Port  Victoria 
Port  Ugowe 

r   July  29,  1899       ... 

<  „      30,    „ 
I     „      31,    „ 
f  Aug.  23,    „ 

<  „      24,    „ 
I     „      2.5,    „ 

2. 
2. 
2. 
2. 
2. 
2. 

5i 

4' 
6 
6 
5 

The  lapse  of  time,  viz,  23  days,  is  considerable,  and  during  it  we 
find,  by  reference  to  the  other  two  gauges,  that  the  Luba's  gauge 
showed  a  fall  of  10| inches,  and  the  Port  Alice  gauge  a  fall  of  5  inches, 
but  tlie  latter  gauge  was  not  at  that  time  furnishing  a  reliable  record 
of  the  lake  level,  as  will  be  shown  later. 

After  the  gauges  had  been  adjusted  on  1st  October,  1898,  the  mean 
readings  for  that  month,  in  centimetres,  were  (see  page  47). 


Port  Victoria 

Liibtrs 

Dilferei 

cm* 

cm. 

cm. 

99 

95 

+  4 

In  1899  we  have  the  following  comparisons  of  the  monthly  means 

in  centimetres  : — 


Port  Victiiria 

Luba's 

Ditferenca 

April 

89 

84 

+  5    ) 

+   5    (  Mean 

January      

99 

94 

June    

99 

93 

+   G    (     +3  cm. 

July    

82 

8C> 

-  4    ) 

August  2;i-31  '  ... 

74 

58 

+  10    ' 

Sejitember 

(-.9 

48 

+  ;}    i    +20  cm 

October       

.59 

3S 

November 

58 

35 

+  23 

So  that  a  deduction  of  17  centimetres  should  be  made  from  the 
monthly  means  of  the  lake  level  readings  recorded  on  the  Kisumu 
fj-auije  from  Aujjust  23,  1899,  to  brinti;  them  into  agreement  with 
those  recorded  before  that  date. 

•   From  this  date  at  Port  Upowe  (KiBumu). 
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1 

11 

1 

11 

1 

8 

1 

7 

At  the  end  of  September,  1900,  the  gauge  at  Port  Ugowe  (Port 
Florence)  was  reading  : — 

1901)  ft.      in. 

September  20       

30      

October  1     

9 

but  from  the  1st  October  tlie  readings  were  at  Kisumn,  iiiid  liave  con- 
tinued to  be  so  down  to  the  present  date. 

Kisumu  is  a  village  on  the  Kavirondo  Gulf,  but  the  site  of  the  gauge 
was  not  altered  when  the  name  of  the  gauge  station  was  changed.  For 
this  third  gauge  therefore  there  is  fairly  continuous  series  of  observa- 
tions at  Port  Victoria  and  then  at  Port  l^gowe,  and  as  we  have  seen, 
a  correction  of  017  metre  should  be  applied  to  all  observations  since 
August  23,  1899,  to  bring  them  into  uniformity  with  the  previous 
observations.  The  gauge  now  used  is  one  at  Port  Florence  near  the 
railway  terminus. 

Having  shortly  detailed  the  various  changes  it  remains  to  compare 
the  readings  of  the  three  gauges.  This  is  most  conveniently  done  by 
plotting  the  monthly  mean  of  the  readings  of  eac'i  gauge  (see  Plate  I  \ ), 
and  the  result  may  be  summarized  as  follows  : — 

Throughout  189(3  and  1897  the  curves  of  tiie  three  gauges.  Port 
Alice,  Port  Victoria  and  Luba's  keej)  parallel  to  each  other. 

On  the  September  30  and  October  1,  1898,  the  gauges  read  :- 


Port  Alice 
ft.     in. 

Port  Victoria 
ft.     in. 

Luha's 
ft.     in. 

2  4 

3  2 

.-5     3 
.•5     2h 

1      Ih 

;5    u 

September  30       

October    1      

being  now  practicallv  in  agreement.  In  December,  however,  the  mean 
of  the  Port  Alice  gausfe  was  13  centimetres  above  that  of  Luba's  and 
8  centimetres  above  that  of  Port  N'ictoria.  The  former  difference 
remained  fairly  constant  until  August,  when  it  rapidly  increased  to  29 
centimetres  and  by  January,  1900,  it  liad  reached  38  centimetres. 

It  is  unfortiuiate  that  the  time  when  this  second  increase  of  the 
difference  appears  (July- August,  1899)  is  when  the  Port  A'ictoria 
yauye  was  moved  to  Port  U"Owe,  but  as  has  already  been  shown  above 
the  deduction  of  17  centimetres  from  the  Ugowe-Kisumu  readings 
reduces  the  monthly  means  to  those  of  the  Port  Victoria  readings,  with 
a  probable  error  of  1  or  2  centimetres  only.  Thus  a  continuous  curve 
is  obtainable   with   which  the  fluctuations  of   Port   Alice   (Entebbe) 
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gauge  can  be  compared.  These  corrected  values  for  Kisumu  have  been 
plotted  and  will  be  seen  to  folloAv  the  Jinja  curve  fairly  closely  from 
August,  lSf)9,  to  November,  1901. 

During  this  time  the  Entcibbc;  guuge  (up  to  the  time  it  was  destroyed 
in  -June,  1901)  differed  considerably  from  the  other  two,  by  about  35 
centimetres  from  September,  1899,  to  October,  1900,  and  afterwards  by 
a  less  amount  up  to  February,  1901. 

The  most  probable  explanation  of  this  is  that  tlie  land  at  Entebbe 
was  sinking  slightly  from  about  October,  1898,  or  indeed  earlier,  since 
the  difference  between  mean  monthly  values  of  the  Port  Alice  (Entebbe) 
gauge  and  Luba's  gauge  was  23  centimetres  in  September,  1898, 
although  throughoat  1896  and  1897  the  difference  was  but  .5  to  10 
centimetres.  In  1899  the  sinking  continued,  being  marked  between 
August  and  October,  but  being  on  a  falling  gauge  it  did  not  attract 
attention.  At  the  end  of  1900  and  the  early  months  of  1901  a  slight 
elevation  seems  to  have  occurred,  while  in  May  and  probably  June 
a  renewed  sinking  took  place  but  the  destruction  of  the  gaug,^  renders 
proof  impossible. 

So  far  it  appears  that  there  was  on  the  whole  a  downward  movement 
of  the  land  near  Entebbe  in  1898  and  1899,  which  did  not  affect  either 
Napoleon  Gulf  or  the  north-east  shf)re  of  the  lake. 

It  a])pears  more  than  probable  that  there  was  something  abnormal 
at  Entebbe  in  A})ril-May,  1901,  since  a  telegram  was  received  at  Cairo 
from  Plntebbe  reporting  a  rise  of  3  ft.  3  in.  in  the  lake  level  in  six 
months '  though  the  other  two  gauges  showed  only  about  2  feet  rise. 

Taking  the  UKJUthly  means  from  page  -19  we  have  in  centimetres: — 


1901 


January 
Fpl)niar\ 
March   .'. 
Ai)ril     ., 
May      . 


Entebbe. 

Kisumu. 

LubaV. 

Entebbe— 
KisMinu. 

cm. 

cm. 

cm. 

cm. 

.58 

32 

35 

2(! 

r.i 

37 

3C, 

24 

1 1 

43 

4S 

34 

ik; 

f.H 

(u; 

4.S 

153 

;t5 

<S'J 

5S 

Entebbe — 
Luba's. 

23 
25 
2'.l 
50 

i;4 


At  this  point  the  gauge  at  Entebbe  was  destroyed.  An  additional 
proof  that  this  rise  recorded  at  Entebbe  does  not  represent  tlie  rise  of 
the  lake  is  furnished  by  Commander  B.  Whitehouse,  K.  N.,  who,'-' 
denies  that  it  was  unusually  high  in  May  1901,  since  he  jwints  out  that 
in  November,  1898,  it  was  1(5  ft.  below  a  bench-mark  at  Port  Florence; 


1  Report  of  PuWic  WorU.s  Ministry,  Cairo.  1901.  p.  170. 

•  A  Keport  on  the  Basin  of  the  Upper  Nile.  Cairo,  1904.   App.    Ill,  p.  3.5 
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in  January,  1900,  the  level  was  low,  and  IS  ft.  1  inch  below  the  same 
mark;  soundings  on  the  entrance  line  to  the  harbour  showed  the  same 
decrciise  in  deptli.  By  May,  1901,  the  level  liad  risen  to  8  ft.  4  in.  on 
the  gauge,  bringing  back  the  level  to  what  it  had  been  in  November, 
1K98.  Thus  an  unusually  high  lake  level  was  recorded  at  Entebbe 
only.  This  time  the  local  downward  movement  of  the  land  occurred 
during  the  normal  rise  of  the  lake,  and  therefore  attracted  special  atten- 
tion, but  the  similar  though  larger  movement  in  the  autunni  of  1899, 
was  on  a  falling  gauge  and,  as  we  have  seen,  was  not  ob.served. 

These  variations  of  the  Entebbe  gauge  extend  over  several  months, 
so  that  they  cannot  be  explained  by  local  wind  action,  and  as  the  differ- 
ences are  those  between  the  monthly  means  of  different  months,  they 
would  not  be  caused  by  occasional  seiches. 

Thus  of  the  three  gauges,  that  at  Port  Alice  (Entebbe)  records 
abnormal  changes  of  the  lake  level,  which  are  not  borne  out  by  tlie 
readings  of  the  other  gauges,  so  that  any  discussion  of  the  aiuiual 
oscillation  of  the  lake  must  be  based  on  one  of  the  others. 

The  Port  Victoria-Kisuniu  gauge,  as  has  been  related  above,  was  the 
one  to  which  the  others  were  adju.sted  in  October,  1898.  After  August, 
1899.  a  correction  of  about  17  centimetres  (see  p.  41)  has  to  be  made 
to  the  readings,  and  they  then  follow  the  Jinja  readings  very  closely 
during  1900  and  1901.  In  1902  and  1903  there  are  months  in  which 
the  parallelism  between  the  Kisumu  and  Jinja  gauges  is  not  maintained, 
e.g.,  the  difference  in  June,  1902,  is  30cm.,  while  in  January,  1903,  itis 
only  5  cm.,  but  throughout  this  period  the  Kisiunu  cur\e  keeps  closely 
parallel  to  the  Entebbe  curve.  Thus  the  Port  ^'ictoria-Kisumu  series 
of  lake  readings  furnish  the  most  reliable  series  of  the  threegauges, 
and  it  will  be  better,  therefore,  to  study  the  annual  oscillations  on  this 
gauge,  especially  as  Whitehouse's  observations  show  that  for  two  and 
a  half  years  at  least  the  gauge  was  certainly  not  interfered  with. 

These  divergences  in  the  curve  of  the  Jinja  gauge  readings  are 
curious,  and  perhajis  if  earth-movement  is  assumed  in  the  case  of 
Entebbe,  the  same  argument  should  be  applied  to  the  Jinja  gauge  from 
the  end  of  1901  to  1903.  It  will  be  seen  that  the  Jinja  curve  from 
November,  1901,  to  February,  1902,  was  on  the  whole  rising,  while  those 
of  Entebbe  and  Kisumu  were  falling  steadily;  again  in  December,  1902, 
Jinja  was  steady,  while  Entebbe  and  Kisumu  were  rising,  and  in  Feb- 
ruary, 1903,  the  reverse  was  the  case.  Still  it  is  not  so  marked  as  in 
the  case  of  the  Entebbe  gauore  from  1897-1901. 

From  plate  W  it  will  be  seen  that  the  annual  oscillation  of  the  lake, 
level,  so  far  as  observations  exist,  varies  between  about  1  and  3  feet. 
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while  absolute  range  during  the  last  7  years  is  3  £t.  9  mches,  a  consid- 
erable difference  from  the  very  much  larger  estimates  of  travellers 
and  others  which  have  been  given  on  pages  35-37. 

The  mean  levels  of  the  lake  for  each  year  from  the  Port   \'ictoria- 
Kisunm  gauge  (corrected  as  before)  are  : — 


Annual 

Mean  Leve 

L  OK  Lake. 

U.4TI-: 

TriTAL  I-AI,L 

Years. 

JlETItES. 

Ft.  In. 

VlCAU.S. 

OF    C  H  A  X  G  E 
PER   AXNUM. 

YEAR.S. 

OF  MKAX  LEVEL 
FROM  IS'JC. 

.Mi^lrts 

Metres 

is'.k; 

U -ill's 

:',  ()•(; 

i8i»(;-;i'.t 

-O'OG.5 

is9(; 

•  • 

is;  17 

Incomplete. 

•   • 

.  • 

1897 

is;  IS 

i> 

,   , 

, , 

.  , 

1898 

.  . 

is;t;i 

()-73;{ 

2  4-;i 

is;i;i-;t() 

-(l-;542 

1899 

0-l!t5 

r.too 

o-;«ti 

1  •5-4 

r.MiiMii 

+  0-117 

19011 

(»-.-)37 

i;m)1 

O-oOS 

I    S-() 

i:i(H-02 

-0-336 

1901 

(1-420 

r.M)2 

[(••172] 

0  ti'S 

r.M)2-u;i 

+  0-.570 

1902 

()-7r)t; 

r.M»;5 

()'742 

2  :}-2 

,  , 

,  , 

1903 

o-i8(; 

i;i(ii 

n-;)i7 

:\  (fl 

i;i(  ).•',-(  14 

+  ()-17.0 

1904 

O'ou 

Tliis  table  a'ives  the  mean  level  of  the  whole  vear  for  each  vear  m  whicli 
the  ob.servation.s  are  sufficiently  c()m])lete.  In  1902  the  obser\ations 
for  April  and  ^lay  at  Kisunm  are  missing,  but  the  Entebbe  and  dinja 
gauges  for  these  months  show  that  the  level  rose  slowly-  and  slightly 
during  the.-^e  months,  so  that  no  error  is  introduced  by  their  omission. 

It  is  evident,  tlierefore,  that  there  has  been  steady  fall  of  the  average 
lake  level  amounting  m  all  to  about  76  cm.  during  the  7  vears  181)0- 
li)()2,  followed  by  a  rise  of  oG  cm.  during  1903. 

The  range  for  each  year  and  the  whole  period  is  as  follows  : — 

Kisi'MU  Gauge. 


M.\xi-Mru 

Minimum 

RA! 

•GE 

Rk>hhks 

Reading 

Data 

Re  idiDg 

Date 

Ft.  In. 

Met. 

Ft.  In. 

Ft.  In. 

1856 

;j  s,' 

1 1  .Tamiury 

2  2.i 

22-211  October 

1  «1 

11.46 

1897 

3  » 

11-11  Junu 

8 

• 

— 

— 

*  Observatlonscease  on  31  July. 

1808 

(Xo  0 

jservations  before  September), 

1899 
1900 
1901 

3  7 

2  21 

3  .-.1 

21  May 
JiJ  May 
13  May 

1)    ll.t 

29  December 

3-1  N'ovcnibir 

.-.  Feb.  anil  13  Mar. 

2  71 
2  3 
2   11 

U-79 
0-69 
11-89 

t  A  correction  of  6"3  made  to 
.ill  observations  from  23rd 
August,  1.S99. 

1902 
„  (iinja) 
1903 

1  114 

3  ,-.1 

23  May 

17  .lunc  l.'ianil  is 
.luly  and  3  .\tigust 

—  II  u,' 
11  11 
11  91 

22  July 

24,  27  and  28  Dec. 

1-2  January 

1  OJ 

2  8 

0-32 
0-Sl 

Maximum  oicnrrcil  in  .May, 
but  Klsumu  gauge  reixdings 
for  tliL«  month  were  lost,  so 
max.  and  min.  for  Jinja  are 
also  shown. 

1904 

4  o;. 

31  M.-iy 

2  2 

8  November 

2  4! 

0-72 

Absolute 
8  years 

3  8; 

14  .January,  1896 

-0  o; 

3-4  Nov..  1900,  and 
22  July,  1902 

3  9J 

1-lG 
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The  conclusions  which  may  be  drawn  from  this  study  of  the  lake 
frani^es  are  the  followiii';  : — 

1.  Tiie  gauge  records  are  trustwoi'thy  when  the  necessar}'  corrections 
have  been  applied  as  above  explained. 

2.  The  Entebbe  gauge,  though  of  a  very  great  interest  in  recording 
a  local  abnormal  movement  of  the  water  level,  due  it  is  believed  to 
local  intermittent  earth  movement,  is  not  a  true  record  of  the  oscillation 
of  the  lake  level. 

a.  The  Kisumu  gauge  does  truly  record  the  lake  oscillation,  but  about 
the  Jinja  gauge  there  is  a  slight  doubt. 

4.  The  amuial  oscillation  is  from  O'^^O  to  0'90  metres. 

5.  The  period  of  the  secular  oscillation  cannot  be  determined  from 
.so  short  a  series  of  observations. 

(i.  Between   lSi)6  and   1902  there  has  been  a  fall  of  7(!  centimetres 
in  the  average  level  of  the  lake,  since  followed  by  a  rise  of  .")(!  cm. 
7.  187<S  was  a  high  level  period. 

l(S80-90  was  a  falling  level  period. 

1892-95  was  a  temporary  high  level  period. 

18!)6-19()2  was  a  falling  level  period. 

19U.H  was  a  rising  period,  and  the  level  Avas  maintained  in  19U4. 


Mean  Monthly  Levels  of  Lake  Victokia  (in  metres). 


8TAT1IISS 

DATK 

STATKJSS 

DATK 

SrATlONS 

DATK 

Ij 

5 

■% 

1 

5 

'g 

s 

s 

3 

Ui 

w 

J 

H 

u: 

J 

- 

U 

- 

1896 

1897 

1898 

January  . . 

OT.S 

1-10 

O-C.l 

.I:Miil:ir\'  . . 

0-33 

(i-NC, 

0-JO 

.l;iiiil;ir\'  . . 

, , 

February  . 

0-r-i 

1  -03 

0 -.">.■. 

]-'rliruarv  . 

0-34 

11-91 

0-43 

Febriiar\  . 

March 

0-44 

1-01 

0T,l 

Marrb      .. 

o-3r> 

0-93 

0-42 

.Marcb      .  . 

April  . 

0-47 

1-00 

0-.W 

April .     . . 

0-43 

1-01 

o-.-iO 

April.      .. 

May  . .      . . 
June  . 

0-47 

l-OI 

o-r>i: 

Mav..      .. 

0-.-.3 

0-99 

0-.-.7 

Mav..      .. 

oco 

0-4H 

o-;t!t 

o-r,3 

June..     .. 

O-.'jIi 

1-07 

0-iil 

.Iiiiie  .      .. 

O-.'il 

July  .     .. 
August    . . 

0-42 

0-!l2 

0-47 

.lulv  .      .. 

O-.'iO 

1-04 

0 -.■.<; 

Julv  .      . 

0-.->4 

o-:h7 

0-HS 

0-43 

.AtiRiist    . . 

Aiiffnst    .. 

OT.l 

September 
October  . . 

0-27 

0-79 

o-3r, 

Srptcmber 

S.-ptfinber 

0-74 

0-99 

0-.".0 

0-15 

0-71 

o-2i; 

October  .. 

October  .. 

0-99 

0-99 

0-y.T 

November. 

0-211 

0-S3 

0-3:, 

Ni)Vember. 

November. 

I  -03 

1  -00 

0-95 

December  . 

0-35 

0-S7 

0-40 

December. 

•- 

-• 

December . 

1-08 

1-00 

0-U5 

Mean  .. 

0-393 

0-928 

0-4(i8 

Mean  . . 
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STATIONS 

I).\TK 

ST.VTIONS 

DATK 

STATIONS 

DATli 

9 

3 

i2 
o-;(."i 

O-lll 
0'81t 
0-8!) 
0-!»!l 
0-il!l 
0-82 
0-.-,7 
0-.-.2 
0-4i 
0-41 
0-44 

3 

3 

5 

3 

i 

Q 
K 

3 

3 

1899 

.I;uiiiMry   . . 
Kehricirv   . 
Jlai-.-li    ■  . 
April  . 
May  . .      . . 
.IlKie  . 
July   .      .. 
An;riist     . 
S<'pteiiil)er. 
Octulier   .. 
November. 
Decembei-  . 

I  -110 

I-oi 

(l-!l!( 
0-'.l!» 
1-04 
I-O.-, 
1-(W 

o-!i:i 

0-8O 
0-75 
0-70 
0-71 

0-917 

((•'.ID 

(I-.S7 
0-8,-, 
0-81 
0-!i4 

o-;i3 

o-8(; 
o-ci 

O-IS 
0-88 
0-3.-) 
0-3.-. 

1900 

.l;uiil;try  . . 
Keliniiirv  . 
.M:inh    '.. 
ApriU     .. 
May..      .. 
June  . 
July..      .. 
.■\u^'nst    .. 
September. 
Oc-tciber  .. 
Niivember. 
DecHmber. 

0-77 
0-711 
(1-8(1 
0-79 
0-80 
0-83 
0-8(5 
0-81 
(1-73 
(l-."i3 
0-4.", 
0-  48 

0-4-, 
0-4.-. 
0-43 
0-48 
0-.-)(i 
0-.-,3 
0-43 
0-37 
0-37 
(l-lll 
0-lC, 
0-27 

0-39 
0-311 
0-3S 
0--42 
0-4.-< 
0-4.-. 
(1-4.-. 
0-1.-. 
()-3s 
0-24 

o-k; 
o-2(; 

1901 

.l:i!iu:M-y  . . 
Febritarv  . 
Mnreh    '.. 
April. 
May  .      .  . 
.June  . 
July. .      . . 
.■\uf;iist    . . 
Si'ptember. 
Oc-tiiber  .. 
November 
I-leeember. 

0-.-i8 

o-c.i 

0-77 

1-ic. 

1  -  .-.3 

1-18 
1-13 
1-10 

o-r.7 

0-39 
0-4.T 
0-33 
0-40 

0-32 
0-37 
0-43 

o-(;8 

0-9.-. 

0-88 

0-0.-. 

0-49 
0-42 
0-3.-. 
0-32 
0-24 

0-3.-. 

(i-3(; 

0-48 

o-f.i; 

0'S9 
0-83 
0-(i8 

Mean  . . 

0-733 

0-C.99 

Mean . . 

0-722 

0-391 

0-3li8 

Me;in  . . 

0-.o08 

•• 

.STATIONS 

DATE 

STATIONS 

i.ATi: 

STATIONS 

DATE 

e 

= 

\ 

3 

•s 

= 

2 

5 

12 

h 

s. 

2 

£ 

~S 

L£ 

1902 

1903 

1904 

January  . , 

1-07 

0-83 

0-18 

Jaimarv  . . 

1-27 

0--42 

0-37 

Jamiarv  . . 

1  -  7.T 

l-IO 

0-85 

Februarv  . 

1-03 

0-39 

0-l(i 

Februarv  . 

1-33 

0-(i8 

0-43 

Ki'hruarv  . 

1 '  7.-. 

1-09 

0-88 

March       . . 

i-o; 

0-37 

O-IC 

March      .. 

l-3li 

0-71 

0-41 

March      . . 

1-711 

1-13 

0-91 

April  . 

I -07 

0-43 

April.      .. 

1-42 

0-78 

0-.-.2 

April  .      . . 

1-90 

1-28 

1-02 

May..      .. 

1-20 

0-.-.4 

Miv..      .. 

i-i;.-, 

I -00 

0-73 

May  .      .. 

1-99 

1-37 

1-11 

June  . 

i-k; 

0  r.o 

0-21 

June.      .. 

1  -  8.-. 

1-1.-. 

0-91 

.lune  . 

1  -111) 

1-37 

1-08 

Jnlv   .      .. 

1-11 

0-44 

0-17 

Julv   .      .. 

1-81 

1-24 

0-9(i 

Julv  .      .. 

1-91 

1-24 

0-98 

Auftu.-st     . . 

1-08 

0-42 

0-14 

Aufjust    . . 

1-81 

1-14 

0-91 

Aiifjiist    . . 

1-77 

1-1.5 

0-Ul 

September 

i-oi; 

0-39 

0-13 

Sepli'inber. 

i-7(; 

0-98 

0-93 

September. 

1-73 

1-12 

0-85 

Oi'tober   .. 

0-99 

0-37. 

0-14 

October  .. 

1-77 

1-07 

0-91 

October  .. 

1-Ii2 

1-03 

0-77 

November. 

1-03 

0-37 

0-1(1 

November. 

1-81 

1-Ili 

0-90 

November. 

1-Ii4 

1-03 

0-78 

December  . 

1-23 

0-3(i 

0-27 

December. 

1-80 

1-lC. 

0-90 

December. 

1   71 

1-10 

0-80 

Mean  . . 

1-091 

0-412 

[0-172] 

Mean  . . 

l-(i38 

0-9.-,8 

0-742 

Mean  . . 

1-793 

l-lli8 

0-917 

Tlie  fourth  class,  daily  oscillations,  are  usually  of  ver^'  small  range. 
All  bodies  of  water  are  influenced  by  the  attraction  of  the  sun  and 
moon,  but  the  tidal  effect  on  inland  lakes  is  usually  so  sliirht  as  to  be 
denionstriiteil  only  on  the  largest  lakes  and  l)y  retined  measurements. 
Lake  Michigan  which  has  an  area  about  2.5  ^  larger  than  lake 
Victoriii  has  been  shown  by  the  U.S.  Lake  Survey  to  have  a  tide  with 
an  amplitude  of  \\  inches  for  the  neap  tide,  and  3  inches  for  the 
spring  tide.  '  That  of  Lake  Victoria  has  not  yet  been  investigated 
with  sufficient  accuracy  to  determine  its  range. 

Certainly  the  effect  will  be  masked  by  the  wind  effect  caused  by  the 


1  Russell,  "f/ikes  of  Xorth  Aineric;!."  Boston,  1900,  p.  33. 
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lake  breeze  by  diiy  and  the  land  breeze  by  nijrht,  and  this  will  be  much 
accentuated  in  a  loni;-  narrow  <rulf  like  the  Kavirondo  Gulf  at  Kisunui. 
Here  the  gauge  .siiows  a  daily  oscillation  which  is  sometimes  very 
marked. 

It  comes  out  also  in  the  monthly  means  which  are  given   in  metres 
in  the  following  table  : 

KISUMU 


1904 

.Ian. 

Vc\>. 

Manh 

A|iril 

Jlav 

.lime 

.July 

Alls:. 

St'pt. 

Oct. 

Xi.v. 

Dec. 

7  a.  111.     .. 
4  p.  III.     .. 
niflfifnce. 

OvS.i 

+  -IS 

0  •  s,s 

1  •().-> 

+  •17 

0-'.tl 

MM 

+  •18 

1-02 

1-Hi 

+  -U 

1-11 

1-20 
+  •09 

I -OS 

1-lS 

+  -ln 

0-9S 
1-07 

+  •09 

0-91 

1-(I0 

+  •09 

O'H.5 

0^9(i 

+  •11 

0-77 

0-90 

+  •13 

0-7.S 

0-90 

+  •12 

(csi; 

1-01 

+  •1.-, 

Pringle'  says  that  the  maximum  rise  in  a  day  due  to  wind  and 
heavy  rain  was  about  two  feet  according  to  native  information. 

Gedge"^  notes  the  occurrence  of  small  temporary  rises  of  the  lake 
at  irregular  intervals,  and  lasting  for  an  hour  or  more.  Pringle"  states 
that  he  noticed  a  tidal  movement  of  about  I.t  centimetres  in  Kavirondo 
Gulf,  but  it  is  doubtful  wlietlier  this  should  not  ratlier  1)6  attributed 
to  wind  action,  which  on  the  lake  is  reversed  twice  daily. 

These  phenomena  are  naturally  accentuated  in  gulfs  and  long  iiilets, 
and  at  Entebbe  from  June  to  December,  1903,  the  difference  between 
the  G  a.m.  and  (5  p.ni  observations  in  the  monthly  me;ui  varied  from 
— 0""004  to  +<r-003  only. 

Similarly  Baumann  *  says  that  at  Muanza  there  was  a  daily  oscilla- 
tion of  30  centimetres,  and  that  in  the  Rugezi  channel  the  water  was 
0'50  metre  lower  in  the  morning  than  at  noon,  though  no  such  variation 
was  noticed  at  Bukoba,  on  an  open  shore. 

The  fifth  class  of  changes  of  level,  viz.,  "  seiches,"  certainl}^  occur 
on  the  Victoria  lake,  although  no  precise  study  of  them  has  yet  been 
made.  Lake  waters  are  affected  by  changes  in  atmospheric  i)ressure, 
and  in  some  ca.ses  variations  of  level  amounting  to  some  feet  liave 
occurred  in  calm  weather.  Forel '  has  recorded  a  rise  of  as  mucli  as 
rST  metres  on  the  Lake  of  Geneva,  and  on  the  American  lakes  even 
larger  ones  have  been  noted.®      Smaller   pulsations  also  occur  which 


'  Geog.  Jour.  Aug.,  1893,  p.  137. 

«  Proc.  Roy.  Geog.  Soc,  1892,  p.  323. 

3  Geog.  Jour.  Aug.  1893,  pp.  189,  137. 

*    •Durch  Masailand  zur  Nilquelle,"  p.  42. 

5  '•Handbucli  iler  Seeukuude."     Stuttgart  1901,  p.  KO. 

«  E.  A.  Perkius,  'The  Seiche  in  American  Lakes."    American  Meteor.  Jour.,  Oct.,  1893. 
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are  not  yet  fully  understood.  It  seems  probable  that  the  sudden 
variations  shown  occasionally  by  some  of  the  Victoria  lake  gauges  are 
of  the  nature  of  seiches,  though  the  subject  caiuiot  be  jjursued  far  at 
present,  as  Entebbe  is  the  <jnly  stiition  in  Uganda  where  tliere  is  a 
barometer.  All  accounts  of  the  lake,  however,  mention  particularlv  the 
violent  thunderstorms  the  water  spouts  and  cloud  bursts  which  are 
experienced  on  the  lake,  and  these  all  evidence  large  and  rapid  varia- 
tions of  atmospheric  pressure  occurring  locally.  Thus  it  is  not  surprising 
if  the  gauges  show  occasionally  irregularities  of  a  somewhat  considerable 
range. 

From  this  short  study  of  the  oscillations  of  the  lake  some  interesting 
deductions  may  be  drawn. 

Though  the  rise  to  the  May-June  maxiuuun  is  more  marked  than 
that  due  to  the  November  rains  nevertheless  the  effect  of  the  latter  is 
an  inn)ortant  one.  If  the  November  rains  are  feeble  the  lake  level 
continues  to  fall,  though  slowly,  until  about  April,  when  the  heavy 
rains  begin  and  cause  the  lake  to  rise  rapidly.  This  rise  however  is 
followed  by  a  rapid  fall,  since  in  July,  August  and  September  evapo- 
ration is  at  its  maximum;  the  equatorial  rain  belt  lies  further  to  the 
north,  and  the  dry  south-east  trade  winds  sweep  over  the  lake  catchnicnt 
basin.  It  will  be  seen  that  each  year  in  which  die  November  rains  were 
sufficient  to  cause  a  rise  in  the  lake,  as  in  1900  and  1902,  the  mean 
level  of  the  lake  in  the  following  vear  showed  an  increase,  while  1899 
and  1901,  in  which  the  fall  of  the  lake  continued  into  the  followin<r 
year,  were  succeeded  by  lower  mean  levels.  For  of  a  given  amount  of 
water  supplied  to  the  lake  in  November,  December  and  Jaiuiarv,  a 
much  smaller  percentage  is  lost  by  evaporation  than  there  is  of  a  similar 
amount  received  in  the  heavy  rains  of  April  and  Mav,  which  arc 
followed  by  the  dry  months.  This  is  mentioned  specially  by  Lugard, 
quoted  above,  as  being  the  case  in  the  winter  of  1891,  which  was  followed 
by  exceptionally  high  lake,  levels  in  1892. 

Since  in  the  latter  part  of  the  rainy  season  of  1903  the  rain  was 
exceptionally  heavy  in  the  Nilotic  ]>roviuces  of  Uganda  in  the  Lake 
Albert  basin  and  on  the  Victoria  lake,  the  average  level  of  the  lake 
in  1904  was  abo\e  that  of  190o. 

Taking  the  average  discharge  at  the  Ripon  Falls  as  .575  cubic  metres 
per  second,  this  will  give  49*7  million  cubic  metres  per  day  and  1491 
million  cubic  metres  per  month,  or  17,92.5  million  cubic  metres  }>er 
}ear.  If  the  area  of  the  lake  surface  is  taken  at  only  ()"),000  square 
kilometres,  the  above  discharge  will  represent  a  fall  of  the  lake  surface 
of  about  22'5  millimetres  per  month.     Taking  the  maximum  discharge 
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at  the  Ripon  Falls  as  650  metres  cube  i)er  second,  correspoiKling  to 
the  highest  level  of  the  lake  in  l!)0;i,  the  fall  (hie  to  the  (Visehar"V  alone 
would  be  2')'()  niillimetres  in  a  month.  If  these  falls  per  month  are 
compared  with  the  fall  of  the  curves  after  the  June  maxinunn  of 
Plate  IV,  it  will  be  seen  how  powerful  a  factor  evaporation  is  in  Jul  v. 
August  and  September,  in  that  it  causes  the  lake  level  to  fall  in  some 
years  much  faster  than  the  abo\e  I'ate,  in  spite  of  all  ailditions  to  the 
lake  volume  by  occasional  rainfall  and  what  the  tributai'}'  rivers  are 
bringing  in. 

Except  the  Kagera  the  streams  flowing  into  the  lake  are  unimpor- 
tant, while  the  average  rainfall  on  the  lake  surface  may  Ije  taken  at 
l.")00  mm.  yearly,  of  which  some  ::i70  nun.  is  carried  off  Ijy  the  Nile  at 
the  Ripon  falls,  leaving  a  depth  of  about  1200  nun.  of  water  added 
to  the  lake  besides  all  that  the  i-ivers  bring  in,  of  which  the  whole 
or  a  large  part  is  removed  by  evaporation. 

The  difference  between  the  total  water  added  to  the  lake  in  any  year 
and  the  sum  of  the  quantity  evaporated  together  with  that  discharged 
at  the  Kipon  falls  is  represented  by  the  difference  between  the  levels 
of  the  lake  at  a  year's  interval,  which  is  given  in  the  following  table 
for  the  last  8  years,  but  owing  to  the  wind  action  on  the  water  of 
Kavirondo  gulf,  at  the  head  of  which  the  Port  Florence  gauge  is  situated, 
it  is  probably  more  correct  to  take  the  difference  between  the  mean  level 
of  months  a  year  apart. 

Ch.\XGI5    ok   LKVKL   (If    I.AKK   SUUI'-ACE. 


.I:imi:ii'\  1  t(t 
December  31 

MEAN    LEVEL 

Mean 

.laiiiiarv  1  !*> 
December  :^1 

.MEAN    LEVEL 

Mkan 

Jan.  to  Jan.' 

Jan.  to  Jan. ' 

i,s:n; 

18117 

18'.),S 

IS'.tO 

I'.IOO 

mill. 

—  ;50() 

1  +150- 

—  (UO 

—  20i) 

iiiiii. 

— 2(;o 

+  110 
— .")( K ) 

-i;5o 

I'.IOl      

1'.I02     

i'.)o;i    

r.toi    

inni. 

+  i;to 

-U>() 

+  i;i() 

—    20 

tiiiii. 

-140 
+  I'M) 

+  .")S0 
-120 

The  principal  difficulty  is  to  estimate,  even  roughly,  the  ratio  of  the 
run  off  to  the  rainfall  on  the  basin.  On  the  eastern  side  of  the  lake 
rainfall  is  from  700  to  900   mm.,  probably,  and  as  the  rivers  rise  and 


i  Mean  level  January,  189fi,  to  mean  level  January,  1897,  etc. 
'  From  1st  January,  1897,  to  31st  December,  1898. 
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fall  i-iipidly,  30'^  may  bo  porhaps  assumed  a-^  the  run  off.  On  the 
north  and  south  ot"  the  lake  the  area  is  small  and  the  rivers  few  and 
unimportant,  except  the  Nzoya  near  Mumias.  The  western  portion 
then  is  the  important  area  ;  lici-e  rainfall  is  higher,  probably  reaching 
IGOO  to  l.SOO  mm.,  l)ut  the  pcrcfntage  which  forms  the  run-off  must 
be  very  low  since,  as  already  mentioned,  account  must  be  taken  of 
the  swampy  valleys  of  feeble  slo])e.  the  vast  marshes  in  the  middle 
course  of  the  Kagera,  and  the  rapid  evaporation  from  the  luxuriant 
vegetation  in  the  dry  seasons,  when  the  trade  ^vinds  sweej)  across 
the  countrv.  Under  these  conditions  the  run-off  is  probably  a  good 
deal  less  than  is  generally  assumed,  and  may  probabh"  be  as  low  as 
1 2  or  1 .")  I  ler  cent. 

On  account  of  the  vast  area  of  open  water  of  lake  Victoria,  the 
Innniditv  of  the  air  in  contact  with  it  cannot  vaiy  greatly  from  year  to 
year,  and  only  to  a  small  extent  from  month  to  month,  judging  from 
the  relative  humidity  of  stations  round  the  lake  ;  the  winds  on  it  are 
those  caused  by  the  iliurnal  reversal  of  lake  and  shore  winds  and  even 
the  south-east  trade  winds  hardly  seem  to  affect  them.  The  evapora- 
tion consequently  must  differ  little  from  year  to  year,  and  may  be  t^iken 
in  the  absence  of  actual  measurements  as  about  12.^0  mm.  per  annum. 
Four  days  measui-cnicnts  in  clondy  and  showery  weather  near  Entebbe 
in  February,  li)U8,  gave  3'4  mm.  [)er  diem  for  the  evaporation  from  a 
free  water  surface  and,  though  instifficient.  the  result  is  not  incompatible 
with  the  assumption  made. 

( )f  the  seven  or  eiirht  stations  near  the  lake,  meteorological  obser- 
vatioiis  are  only  available  from  all  of  them  lor  two  or  three  vears,  but 
these  results  do  not  contradict  the  view  that  the  rise  and  fall  of  the 
lake  is  principally  due  to  the  amount  of  rain  which  falls  on  it,  and 
only  secondarily  to  the  supply  from  its  catchment  basin,  which  probably 
does  little  more  than  maintain  the  level  for  a  short  time  after  the  rainy 
season  has  ceased. 

The  freshness  of  the  Victoria  lake  water  may  be  mentioned  in  this 
connection  as  showing  that  the  river  water  is  inconsiderable  comjiareil 
with  that  furnished  directly  by  rainfall.  It  is  river  water  wliich  takes 
up  portions  of  the  various  soluble  substances  met  with  in  percolating 
through  the  groiuid,  and  carries  them  with  it  to  the  lake  where  thev 
remain  behind  when  the  water  evaporates.  Both  Albert  Edward  and 
Albert  lakes  are  de.scribed  as  slightly  brackish,  as  though  riser  water 
supphed  a  larger  proportion  of  their  supply,  still  it  should  be  men- 
tioned that  saline  deposits  occur  on  the  shores  of  both  lakes,  which  at 
Katwe,  at  any  rate,  are  in  close  proximity  to  the  old  crater  lakes  and 
owe  their  origin  to  volcanic  action. 
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This  va.st  sheet  of  water  known  as  the  A'ictoria  Nyanza  or  Lake 
Victoria  covers  an  area  whicli  is  estiiiiiitcd  to  lie  ahout  (iS,()UO  s<|iiare 
kilometres,  though  no  survey  of  the  whole  lake  has  yet  been  made 
w  irli  sufficient  accuracy  to  cleterniinc  its  area  with  any  precision  since 
its  discovery  bv  Speke  in  1<S()2.  It  has  been  recouni/.cd  as  the  source 
of  supply  for  the  Victoria  Nile,  though  some  have  maintained  the  most 
dist;int  source  of  the  largest  of  the  lake  tributaries  as  being  the  actual 
Nile  source.  Still  it  is  the  lake,  by  pouring  its  surplus  waters  over  the 
Ripon  Falls,  which  provides  the;  \'ictoria  Nile  with  its  water,  and  con- 
so(|ncntlv  the  rise  and  fall  of  the  lake  level  which  directly  affects  the 
volume  supplied  to  the  Nile  has  always  attracted  attention.  ]^)Ut  when 
we  come  to  discuss  the  Victoria  Nile  ami  its  ici^inicn  we  shall  sec  that 
local  conditions  regulate  this  varying  supply  until  ].")()  kilometres  nortli 
of  the  lake  its  function  as  a  supplier  of  the  Nile's  waters  is  re<luced 
to  furnishing  some  .").")0  cubic  metres  per  second  constantly  throughout 
the  year.  Still,  a.s  an  important  inland  sheet  of  water  some  account 
is  due  of  its  general  features,  and  its  tributaries.  The  Victoria  lake 
lies  at  an  altitude  of  1292  metres  above  sesi  level,*  filling  a  com- 
paratively shallow  depression  on  the  surface  of  the  plateau.  As  a  rule 
its  shores  are  low,  and  even  where  the  hills  come  nearest  to  the  waters 
edge  they  rise  but  200  to  250  metres  at  most  al)ove  it.  To  the  geolog- 
ical structure  of  this  basin  are  due  the  long  gulfs  and  bays,  and  tha 
munerous  islands  which  line  the  shores,  as  well  as  the  remarkable 
[iroximit}'  of  the  watershed  to  tlie  northern  slxjre  of  the  lake,  as  has 
already  been  mentioned.  Situated  on  the  ecpiator,  where  atmospheric 
conditions  are  specially  favourable  to  \iolent  thunderstorms  in  the 
rainv  seasons,  voyagers  on  the  lake  are  by  no  means  free  from  danger, 
and  the  canoes  of  the  natives  closely  hug  the  shore  or  keep  near  islands, 
where  they  can  run  for  shelter  when  a  storm  threatens.  The  monthly 
and  yearly  quantities  of  rainfall  which  supply  tlie  lake  have  been 
alreadv  given,  and  it  remains  now  to  consider  tiie  volume  furnished  by 
the  tributJiry  strejuns,  and  that  discharged  at  varying  levels  at  the 
Ki[)on  Falls,  while  there  will  still  be  the  least  known  and  probably  the 
most  important  factor,  evaporation,  for  which  only  the  most  meagre 
treatment  is  possible. 

Of  the  numerous  streams  which  fall  into  lake;  Victoria  the  majority 
are  small  and  unimportiuit,  having  courses  of  only  a  few  kilometres  in 
length  ;  the  larger  ones  are  given  in  the  following  table  from  which 


1  Uganda  Itailway  Survey. 
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it  will  be  seen  that  iiune  of  them  except   the  Kiigera   are   rivers  of 
any  size : 


rr,ACE 


North  Shore ; 

Sio 
Nzova    . . 


East  Shore : 

Nyanda 
Kiiva     .. 
I toa       . .      . 
Mori      . .      . 
Mara      . .      . 
iSii^iiti  . . 
l{ii\vana 

South  Shore 


Simiyii . 

Moaiiio  , 


West  Shore: 

Loluingati    . 
Iftii^a    . . 
Ka;:('ra.. 
Huisi     . .      . 
Katoiii;a 


Altitude 

(if 


2200 


2100 


2( )( K I 

ir^io 

1400 


1770 
1250 


1500 

i:ioo 

2200 
1500 
ll'iOO 


LlMl-th 


210 


110 
70 


210 

.•50 

lOO 


120 

CO 


140 

(';;')o 

11)0 
155 


NEAR   MO0TH 


wiiitii     n.-i.tii 


.•?o 
80 


20 

;3-4 

10-15 

;!o-;55 

4 
20 


15 


100 


2 
2-4 

2 

7 


Kemarks 


rerioilii'alh  ilrv. 


17Jan.,I«!»n,nantz.  Often 
nparly  (try  (FiscluT). 


Thus  it  will  he  seen  that  their  sourees  lie  at  no  great  altitude,  and 
IVdui  tlic  iiK (derate  size  of  the  whole  eatehineiit  hasin  their  courses  are 
shorl ;  iniii-c()\-('r  to  the  (^ast  oi'  th(^  Inkc  tluTainrall  is  hut  a  xcry  uiodcr- 
ate  one  (Shirati  about  70(1  nun.),  so  that  most  o£  the  eastern  rivers 
rini  vcr}'  low,  it' not  altogether  dry,  in  the  dry  seasons.  Tn  other  ])arts 
of  the  basin  the  structure  of  the  couutrv  is  against  any  of  them 
funiishiug  a  large  snp])ly;  they  follow  the  fault  valleys  between  the 
different  blocks,  which  have  Ijccn  unequally  elevated,  and  consequently 
they  How  in  valleys  of  low  slope  in  which  much  of  the  su})ply  is  lost 
in  the  swamps  and  shallow  lakes  filling  the  valley  floors  in  the  rainy 
seasons;  from  .lul\'  to  Septemliei'  the  basin  is  swept  by  the  compara- 
tively dry  south-east  trade  winds  (^scc  humiditv  at  ]\Ibarara  p.  23)^ 
which  nuist  cause  rapid  eva])oration.  It  seems  very  doubtful,  therefore, 
if  the  run-off  can  be  put  nnich  higher  than  about  \r)%  since  the  Xzoya 
alone,  rising  in  mount  Elgon,  has  a  sufficient  slope  to  deliver  its  waters 
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into  the  lake  without  heavy  loss.  This  river  is  described  '  as  Howiiii;- 
with  a  i-a|)id  current  in  a  i)ed  lull  oi'  houlders,  so  that  it  is  uniiavi- 
gahlc,  ami  only  I'ordahlc  in  Dcccnilicr.  -Iaiuiar\  and  Februar\',  so  that 
it  woidd  seem  that  there  is  no  suiunier  dry  season  in  Mount  Ela'oii 
where  it  rises;  hut  Macdonald  strifes  that  Elji'on  has  two  wet  and  two 
dry  seasons,  like  the  lake  area. 

Kagera  river. — The  Kagera'  alone  i.s  a  trihutarx'  of  iniportimce, 
which  in  the  rainy  season  hrinns  a  lar<i^e  supply  to  the  lake.  liisin<:;in 
the  extreme  southern  ])ortioii  ol'  the  Nile  basin  near  the  northern  <Mid 
ot  Lake  Taiiiinnika  it  follows  :i  iiortlierh"  coui'sc  oi  nboiit  ('0(1  kilome- 
tres, then  turning  eastward  it  falls  into  the  lake  just  north  of  Fatjtude 
1°  S.  Ci-ossed  first  by  S2)eke''  and  Grant'  in  INOl  it  was  followed  by 
Stanley  for  some  kilometres  in  the  middle  portion  of  its  course  in 
1876  ;''  and  crossed  by  him  1."}  years  later  in  duly,  ISS'.),''  when 
returning  to  the  coast  with  the  Kmiu  Pasha  IJclicf  Expedition.  Since 
then  several  expeditions  have  followed  its  course  or  crossed  it  at 
various  points.  From  Dr.  F.  Stuhlmann  who  crossed  it  with  l']niin 
Pasha  in  February  1S91  avc  get  certain  information,  as  well  as 
from  the  account  of  his  return  iouinev  in  IS'.t2.  '  In  this  year  also 
Dr.  0.  liaumann**  explored  tlu;  upper  reaches  of  the  Kagera,  and 
considered  the  source;  of  the  Kuvuvu  as  being  that  of  the  main  stream. 
Tn  1S94  Scott  Elliot'  followed  a  part  of  its  course.  In  May,  l.S!»-l, 
Count  von  (jiiltzen '"  crossed  the  Kagera  near  its  jiuiction  with  the 
Ruvuvu,  and  indicated  the  Nyavai-ongo  as  being  a  more  important 
tributary  than  the  Ruvuvu  and  conse(piently  tlu;  main  source  of  the 
Kagera,  which  has  since  been  maintained  by  Kandt  who  found  it 
about  100  kilometres  longer." 

Among  the  other  travellers  who  have  visited  this  district  are 
Herrmaiui,  Langliold,  Kamsay  and  von  Trotha,'"  also  more  recently  the 
officers  of  the  Anglo-German  Boundary  commission. '^ 


"   Hol)ley.  '■(!(•<)?:.  .lour."  Oct.  1S!I8,  p.  3i;2. 

'  FitzMcr.  "Dcr  KiiKeni-Nil."   Inaug.  Diss.   Halh'.  isiiil. 

3  Spcki',  "A  journal  of  the  discovery  of  the  source  of  tlie  Nile."     I.nurloM.  ISIIIS,  p.  2ii:!. 

^  (inmt.  "A  walk  across  .Africa."     Loudon,  18(i]. 

=  Stanley.  •■Through  the   Dark  ContiniMit."   I-ondon  1H78,  vol.  I.   p.  ino. 

o  Stanley,  "In  Darkest  Africa."   London  IS'JO.  vol.  ii,  p.  3.52. 

'  "Mit  r;niin  I'ascha  ins  Hera  von  Afrika."     Herliu,  IS'JL 

*  Bauniann,  -'Dureh  Masailand  zur  Nihpielle."     Iterlin,  1894. 

'  Scott  Elliot  "A  Natin-alist  in  Mid  Africa."     London,  IWlfi. 

10  Von  (lotzen,  ••Din-ch  Afrika  von  Ost  nach  West."     Herlin,  ISil."). 

11  'Caput  Xili,"  Berl'n,  litOi, 

'^  Von  'J'rotha,  "Meine  Bereisung  von    Deutsch  Ostafrika."   llerlin.  ISilT. 
13  Delnie  Uadclifle  "(ieog.  .lourn.",  190.i,  p.  4SI. 
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Tho  iiKnintiiinoiis  ridire  wliich  furiiis  the  eastern  boundary  wall  of 
tlie  "rift"  valley  in  wliidi  the  Albert  Edward,  Kivu  and  Tanganika 
lakes  lie,  foriiis  the  water-parting  between  these  and  the  Victoria  lak(! 
basin,  and  the  waters  of  the  eastern  slope  supply  the  various  tributaries 
of  the  Kagera  river  system,  while  those  of  the  western  slope  flow  to 
the  western  valley. 

According  to  Bauniann  '  the  basin  of  Lnvironza,  the  most  southia-n 
tributar}'  of  the  Ruvuvu  river,  is  separated  from  the  "rift"  valley  by 
the  Kangosi  Hills  ( 1!I70  m.).  From  here  the  water-parting  appeal's  to 
have  a  north-easterly  direction  until  it  intersects  the  Uyogoma  district 
between  Kaponoras  village  and  Rusengo,  leaving  to  the  east  a  barren 
hilly  district  draining  partly  to  the  Malagarisi  river  and  Lake  Tanganika, 
partly  to  the  Lohugati  and  Ruiga  rivers  to  Lake  Victoria.  The  western 
portion,  a  plateau  Avith  narrow  deeply  eroded  valleys-  drains  to  the 
Kagera.  From  hen'  it  turns  noi'thward  and  then  eastward  passing 
between  the  ITrigi  lake  and  the  Ruiga  river  until  it  almost  reaches  the 
Victoria  lake,  to  which  it  now  runs  parallel  until  the  mouth  of  the 
Kagera  is  reached''  in  latitude  0"  .58' S.  The  western  limits  of  the 
Kagera  basin  are  formed  by  the  Ruampara  hills  in  Mjjororo. 

On  the  ridge  which  encloses  Lake  Tanganika  on  its  eastern  side,  in 
latitude  2°  .").")'  S,  and  on  the  flanks  of  a  hill  named  ^lissosi  ya  Mwesi, 
IJauniann  '  found  the  source  of  the  Ruvuvu  on  September  19,  IH\)'2. 
From  this  point  it  flows  at  first  eastwards  for  about  10(1  kilometres, 
when  it  turns  to  the  north.  At  about  '220  kilometres  from  its 
sources  the  combined  streams  of  the  Akanyaru  and  the  Nyavarongo 
join  it  at  a  point  of  which  the  altitude  is  given  as  1830  metres  above 
sea  level  from  von  Giitzen's  hypsometi'ie  determinations.  From  this 
point  it  now  Hows  northwards  i'oi-  1!)0  kilometres  through  a  wide 
valley  mostly  occupietl  by  swamps  an<l  shallow  lakes  as  far  as  lati- 
tude 1°  n'  S. ;  in  this  distance  the  fall  is  very  slight,  but  greater  slo))e 
and  higher  velocity  occur  between  this  point  and  Kitangule  beyond  which 
it  meanders  through  a  level  Hood  plain  to  the  lake.  The  whole  course 
of  the  river  from  its  source  to  its  mouth  is  about  (500  kilometres." 

Commencing  as  two  small  streams  scarcely  half  a  meti-e  wide,  at  an 
altitude  of  about  2120  metres,  in  a  small  rather  swampy  vallev  Iving 
between  steep  grass  slopes,  the  Riuuvu  soon  increases  as  it  receives 


1  Durrh  Masnil.-vMil  p.  'JS.     ,-(.  FitzTicr  p.  S-IO. 

2  H:iiini:iiin,  "  Miirili  Masailaml  zur  Xilinu'llo,"  p.  77. 
■'  Stiililinann.  Mit  Kiiiiii   I'aslia.  p.  IIIH. 

■•  Bauinaiin,  pp.  .S8,  Hii. 
5  See  page  6. 
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numerous  small  streams,  and  a  day's  march  down  the  valley  it  is  a 
rapidly  flowing  brook  o  metres  wide.  Baumann '  crossed  it  lower 
down  some  182  kikmietres  from  the  source  in  lat.  2°  oO'  S.  and  gives 
the  altitude  as  1440  metres,  which  would  give  a  fall  of  about  o'9  metres 
];er  kilometre.  Here  at  the  beginning  of  September  it  was  a  broad 
river  with  grey -brown  waves  which  rolled  between  high  banks  covered 
with  rich  vegetation. 

Though  it  was  in  the  driest  season,  and  at  an  unnsuallv  low  level, 
he  found  it  to  be  3.5  metres  wide  and  3  metres  deep,  flowing  rapidly; 
the  banks  were  3  metres  high,  and  the  fl(jod  marks  clearlv  showed  that 
they  were  to])ped  in  the  rainy  season.  From  this  point  it  appears  to 
flow  in  a  well  defined  valley  and  in  about  lat.  2°  2S'  S.  is  joine<l  by  the 
Akanyaru  river  on  the  left  bank.  This  tributary  was  crossed  by 
Uaumann'"  at  two  points  in  about  lat.  2°  M)'  S.;  at  the  lower  j)oint  it 
was  in  two  arms,  one  10  iiK'tivs  wide  and  .">  metres  deep,  the  otlier  .") 
metres  wide  and  1  metre  deep,  flowing  slowly.  At  the  upper  crossing 
it  was  oidy  a  rapid  hill  stream,  easily  fordable. 

While  Baumaiui  claime(l  to  have  reached  the  real  sources  of  the 
Nile  at  those  of  the  lluvuvu  in  the  iiiouutains  north  east  of  Lake 
Tanganika,  where  its  tributaries,  the  Luvironza  and  tlie  Muverasi, 
also  rise,  others  maintain  that  the  Kagera  contimies  u])stream  of  the 
Ruvuvu  and  l\amsay  foiuid  the  Nyavarongo  to  be  the  upper  j)ortion 
of  the  Kagera.  This  .stream  rises  in  the  hill  Kuruhehe  on  the  western 
boundar}'  of  Urundi,  but  the  exact  source  is  still  uncertain.  From 
here  it  flows  north  then  east  and  then  south  round  the  Indidi  hill 
range,  to  be  joined  by  the  Akanyaru  to  form  the  Kagera. 

The  Nyavarongo-Kagera  up  to  the  point  where  the  Ru\  u\  u  joins  it 
is  about  300  kilometres  long. 

The  Nyavarongo  where  crossed  by  Count  von  Giitzen  in  ^lay  1(S94 
was  40  metres  wide,  4-.t  metres  deep  and  had  a  rapid  current;  this 
would  give  a  discharge  of  about  400  cubic  metres  i)er  second. 

At  its  junction  with  the  Akanyaru,  the  Nyavarongo  was  in  March, 
1S97,  43  metres  wide,  \'7o  to  S'To  deep  with  a  slight  current,  thus 
having  a  discharge  of  about  40  or  .")0  cubic  metres  per  second.'' 

The  Ruvuvu  at  the  Ruanilo  ford  (1410  metres)  is  said  by  Baumann, 
September,  1S92,  to  be  Sn  metres  wide,  3  metres  deep,  and  rapid; 
.say  250  cubic  metres  per  second;    while,   at    its   junction    with   the 


1  Loo.  tit.  p.  ur.. 

2  Loc.  cit.  pp.  HS.  Hll. 

3  ••E.\pi-ilitii>n  na.h  Iliiiincl;!."  Vi-rh.  (ii-s.  f.   Knlkiiiulr.  RiTlin,  ISIKS.  p.  312. 
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Kagera,  it  was  measured  by  Ramsay,  March,  1897,  with  the  following 

results: — 

Width     20     metres 

Depfli     .')■') 

Velocity (I"'.I2     ..         I'er  second 

giving  a  disc  luirge  of  about  loO  ( iiliic  metres  per  second. 

From  this  junction  point  the  Kagera  flows  northwards  in  its  wide 
north  and  south  valley  for  a  distance  of  some  17(J  kilometres  falling 
from  1330  to  1310  metres  in  this  distance.  Throughout  this  part  of 
its  course  it  flows  in  a  wide  marshy  valley  which  it  partly  submerges 
in  times  of  flood ;  its  breadth  is  given  as  from  2  to  1  o  kilometres,  and 
possibly  at  flood  stage  it  is  in  connection  with  the  lakes  Ihemi,  and 
Kasingeni  which  lie  in  depressions  opening  on  to  the  valley. 

At  Latoma  the  Kagera  turns  abruptly  to  the  right  and  flows  about 
100  kilometres  in  a  valley  15  to  20  kilometres  broad  and  bounded  by 
higli  hills  as  far  as  Kitangule;  in  the  ujjper  part  between  Latoma  and 
Kitoboko  are  numerous  rapids  according  to  Langfeld.  Below  Kitan- 
gule it  flows  through  a  level  alluvial  i)lan,  into  which  it  has  deeply 
cut  its  channel  leaving  banks  20  metres  liigii  which  reduce  gradually 
in  height  as  the  lake  is  approached.' 

At  Latoma  in  August,  1804,  as  measured  by  Scott  Elliot  the  water 
channel  was  36",">  metres  wide,  very  deep  and  flowing  1  metre  per 
second,  ir  the  depth  were  S  metres  this  would  give  about  300  cubic 
metres  per  second.  At  Kitangule  the  breadth  is  given  as  60-70  metres, 
depth  9-11  metres,  and  the  velocity  1".t  to  2  metres  ])er  second  for  the 
period  February  to  April.  These  data  give  a  minimum  discharge  of 
(iOO  cubic  metres  per  .second  and  a  maxinuun  of  loOO  cubic  metres  per 
second. 

At  the  mouth  in  October,  1802,  Count  von  Schweinitz  gives 

Width     SO-lOO  metres 

Depth      10-12 

Veloeity r:i]iid. 

If  this  last  is  tiikeu  at  r.5  metre  per  second  the  discharge  will  be 
about  l.")00  cubic  metres  per  second.  Tiie  a))proximate  length  of  tlie 
Kagera,  from  the  junction  of  the  Iiuvuvu  to  the  Victoria  lake,  is  about 
300  kilometres. 

In  the  rainy  season  of  1891,  at  the  beginning  of  April,  Stuhlmann'' 
crossed  the  Kagera  in  lat.  1^  3'  S.  at  K:i\  iiigo,  and  found  it  .")(t-(!0  metres 


I  Von  Schweinitz.  "  Deiitsoh  Ostnfrika  in  Krieg  und  Frieden." 
'  Mit  Eiuin  Piisclm  ins  Herz  von  Afrika,  Berlin,  1894,  p.  247-9. 
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wide  and  very  deep.  Its  yellow  water  Howed  rapidly  between  belts 
of  pa])yrus  which  lined  the  banks.  'I  he  Icscl  of  iliis  jidint  lie  slates 
to  be  but  little  above  tliat  of  the  Yictoriii  hike. 

On  dnlv  2(),  ISSi),  in  the  dry  soason,  Stanley'  eros.-ed  it  ratlier 
below  this  ])oint,  and  describes  it  as  110  metres  Avide,  2*7  metres  in 
average  de[)th,  and  flowing  witli  a  velocity  of  O'")  metres  per  second, 
which  would  "ive  a  discharue  of  about  !.")()  cubic  metres  ])er  second. 

In  the  middle  of  the  rainy  scas-on  of  1(S"J2,  Stuhlmann'-  crossed  the 
Kagera  at  the  village  of  Kayusa  rath.cr  above  Ka\ingo.  It  was  here 
10  metres  wide  in  its  ()]ien  part,  but  on  each  lank  tiicie  was  a,  fringe 
of  papyrus  (50  metres  wide  and  Nymplaica,  Stratiotes,  watcrliHcs, 
Chara,  Utricularis,  Atrolla,  were  collected  there.  It  flows  thronglian 
open  valley,  which  becomes  swampy  near  the  river. 

At  Kitangule  about  (JO  kilometres  from  where  it  flows  into  tiie  lake 
Stuhlmaiui  crossed  it  in  February  18!ll,''  and  found  it  (iO  metres 
broad  and  several  metres  deej),  flowing  throngh  a  level  grass  plain  in 
which  it  had  cut  its  l)ed  so  as  to  leave  banks  of  grey  sandy  clay  lO-l.") 
metres  high.  A  thin  layer  of  white  infusorial  earth  ai)pearcd  to 
indicate  a  foimer  extension  of  tlie  lake.  A  belt  of  iiigii  pa])yi'us  linea 
the  banks. 

Speke^  crossed  at  this  point  on  Kith  dainiary,  lcS()2,  and  describes  it 
as  70  metres  wide,  sunk  to  a  considerable  depth  below  the  surfiice  of 
the  land,  and  Mowing  with  a  vi'Iocity  of  I'd  metre  to  (l'7.")  metre  ])er 
second. 

In  Januarv,  1891,  Stuhlmann  '  noted  that  tlic  Kagera  flowed  into 
the  lake  latitude  0^  o8'  S  by  three  arms,  of  which  the  largest  was  100 
metres  wide  ;  at  the  mouth  of  each  was  a  considerable  bar  on  which 
the  water  was  so  shallow  that  a  canoe  could  not  cross  it,  showing  that 
in  flood  the  river  brings  down  a  consiilerable  amount  of  material  in 
suspension. 

It  has  been  maintained''  tliat  the  Kagera  is  the  actual  upper  course 
of  rhe  Nile,  and  that  Ix'fore  the  subsidence  took  ]  lace  wliich  formed 
lake  Victoria,  the  Kagera  flowed  betM^een  the  Sesse  Islands  and  tiic 
western  shore,  then  skirted  the  ])resent  northern  shore  by  Kosel)ei-y 
Channel  to  Napoleon  (iulf  to  join  the  Nile  at  tlie  Ripon  Falls;  a 
distinct  current  is  also  mentioned  as  setting  across  from  the  Kagera  to 

1  In  Darkest  Africa,  II,  p.  3.i3. 

*  Lor.  cit.,  p.  Ur.l. 

3  Loc.  fit.,  p.  220. 

■*  -Jovirnal  of  tlie  disc-overy  of  tlic  soiirci-  of  thi'  Nile,  p.  222. 

5  loc.  cit.,  p.  Hi8. 

0  .Johnston.     "The  Nile  Quest.",  London,  I'.IOl,  pp.  2i;ii,  302. 
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the  Ripon  Falls.  Seeing  hon-  small  an  effect  the  volume  discharged  by 
the  Kagera,  even  in  the  rainy  season,  can  have  on  the  water  of  this 
vast  lake  any  sucli  current  must  l)e  an  effect  of  the  prevalent  winds, 
and  as  we  have  seen  that  winds  l)low  fi'oni  lake  to  shore  by  day  at 
almost  all  seasons,  it  is  more  than  probable  that  in  places  a  regular  drift 
of  the  surface  water  may  be  caused.  Considering  the  vast  area,  about 
6S,000  square  kilometres,  covered  by  the  waters  of  the  lake  it  must  be 
some  time  before  the  depths  of  the  central  portions  are  known  with  any 
accuracy.  At  present  onlv  along  the  shore  belt,  some  ten  kilometres 
wide,  of  the  northern  portion  have  systematic  soundings  been  published,' 
and  tliese  show  depths  up  to  CO  metres  (200  feet),  the  deepest  sound- 
ing being  80  metres  (2()i)  feet)  oft"  the  east  coast  3  kilometres  west  of 
Kitua.  On  the  basis  of  these  insufficient  data  it  seems  premature  to 
say  that  an  elevation  of  2-10  feet  would  show  a  con\erging  network  of 
river  channels  uniting  with  the  Kagera  and  the  main  stream  of  the 
Nile,-  since  there  would  be  a  slope,  at  times  somewhat  steep,  from  tJie 
northern  shore  of  the  lake  across  the  lint;  between  the  Kagera  mouth  and 
the  Ripon  falls,  and  prol)ably  continuing  to  dee])er  an<l  more  central 
parts  of  the  lake. 

Nor  can  the  water  flowing  out  of  the  lake  at  these  falls  have  any 
appreciable  effect  in  producing  such  a  current  since,  compared  Avith  the 
lake  water,  the  amount  discharged  is  so  small  ns  to  cause  a  ])erce])tible 
current  for  some  few  kilometres  only. 

The  voliuue  of  water  discharged  at  the  Ripon  falls  has  been  worked 
out  by  Mr.  J.  I.  Craig  on  the  basis  of  a  discharge  measured  by 
Sir  William  Garstin  on  January  22,  1908,  which  gave  a  volume  of  ")4i) 
cubic  mc^tres  per  second  wlien  the  lake  gauge  at  Jinja  was  reading  0'")1 
metre.     From  this  the  following  discharge  table  was  eom[)uted'':  — 
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The  Victoria  Nile. — The  Victoria  Nile  on  leaviijg_th(i3ipon 
falls  flows  down  the  reverse  slope  of  the  ridj^e  which  forms  the  north- 
ern shore  of  the  Victoria  lake,  in  a  series  of  falls  and  rapids  until 
Kakoji  is  reached,  a  distance  of  some  (if)  kilometres  ;  beyond  this  the 
river  enters  a  low-h  iny  tract  between  this  ridye  and  the  risin""  "round 
of  Shnli  province.  This  area  has  the  appearance  of  being  a  trough 
between  two  orographic  blocks  similar  to  that  in  which  the  Kagcra 
forms  its  wide  stamps,  and  here  lie  the  shallow  lakes  of  Choga, 
Kwauia  and  the  wide  mouth  <A'  the  river  Seziwa.  '\\\v  variation  of 
the  discharge  at  the  Uipoii  falls  in  a  year  >uc]i  as  I'.lOo  varies  alxiut 
10  %  on  either  side  of  the  mean  amount  but  such  a  variation  ciui  ha\e 
no  effect  on  the  area  of  lake  Clioga. '  This  area  of  o))en  water  mea- 
sured on  the  map  is  about  2900  squai'c  kilometres,  so  that  a  rise  of  even 
1  centimetre  a  day  would  mean  an  addition  of  about  830  cubic  metres 
per  second  without  taking  evaporation  into  account. 

Its  altitude  has  been  given  as  1010  metres  above  sea  level  but  this 
Avould  seem  to  be  somewhat  low  ;  Mruli  has  been  given  as  1070  metres 
and  Foweira  as  10()0  metres,'  but  where  the  differences  of  level  are  so 
small,  isolated  Inpsomcti-ic  or  aneroid  dctcruiiiiatious  are  not  reliable. 
The  whole  reach  from  Kakoji  to  Foweira  is  a  flat  basin,  and  the  slope 
must  be  extremely  small,  so  that  the  difference  of  10  metres  between 
Mndi  and  Foweira  over  a  distance  of  7'2  kilometres,  which  would 
correspond  to  a  slope  of  1  in  7,200,  must  be  too  great;  probably  n 
metres  is  as  much  as  should  be  allowed,  and  if  Foweira  is  tiiken  provi- 
sionall}' as  lOfiO  metres,  Mruli  and  Lake  Choga  should  not  then  be 
more  than  lOtJ.T  metres,  giving  a  fall  of  about  G4  metres  from  the 
Victoria  lake  to  Kakoji. 

T^ake  C'hoga^  is  a  shallow  sheet  of  water,  the  di  pth  varying  fi'nui 
•1  to  i)  metres,  with  low  marshy  shores  ;  the  rivers  which  drain  into  it 
enter  at  the  head  of  wide  gulfs,  which  are  rather  arms  of  the  lake  than 
true  river  channels.  Groups  of  hills  occur  at  one  or  two  points  rising 
from  loo  to  100  metres  above  the  lake,  but  generally  the  country 
between  lake  ^'ictoria  and  lake  Choga  is  very  flat  and  closely  wooded 
on  the  right  bank  of  the  Nile,  becouiing  soiuewhat  hilly  in  the  southern 
portion,  near  the  \  icto. ia  lake  ;  on  the  left  bank  lies  the  flat 
wooded  coimtry  of  Uganda,  part  draining  to  lake  Choga,  and  the 
western  portion  to  the  Kafu  river  which  joins  the  Nile  at  Mruli 
Throughout  this  part  the  regular   northward  slope  of  the  country    is 

'   Report  on  tho  Basin  of  the  Upper  Nile,  p.  73. 
•  Vanilelenr.    Oeog.  Joiirn.,  Ajiril  1897,  p.  H!>I1. 
3  Kirlip.ntriik.     Oeop.  .Inurn..  April  IS!)!I. 
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well  .shown  l)v  rlu'  direction  of  the  streams,  which  has  probably  been 
(li'tcriiiiiicd  as  suijfj^ft'sted  (p.  li>)  1)V  the  tiltiiiii"  of  this  block  of  country 
to  form  the  N  ictoria  lake. 

The  Kafu  joins  the  Nile  at  Mriili,  iiaving  risen  in  the  hills  south  of 
Iloimii  and  llowed  in  a  norih-casterly  direction  to  Mruli  receiviriff  the 
Kitumbui,  Maanja,  Luiiiiiio  ami  iJubenge  on  .its  right  bank,  and  a 
nunilHr  of  short  sinanis  (;ii  the  left  bnnk.  Ntar  its  source  it  is  a  clear 
rapid  stream  with  marked  periodicity  as  far  as  I'arawana,  (JG  kilometres, 
but  soon  after  passing  this  point,  where  the  Kampala  road  crosses  it 
south  of  Hoima,  it  enters  a  k'vcl  ])lain  and  flows  as  a  steady  stream 
with  dense  Ijrakes  of  papyrus  on  either  bank,  while  swamjis  are 
formed  in  lowdying  ground  by  its  tributaries  where  they  join  it.  It  is 
about  SO  metres  wide  at  Mruli,  cSa  kilometres  from  Barawana,  where  it 
joins  the  Nile  after  a  total  course  of  lot)  kilometres,  and  adds  a  volume 
of  water  which  j)rolably  varies  but  little  since  in  tlie  lower  reaches  the 
Kafu  shows  no  marked  rise  in  flood. 

The  same  holds  good  for  the  Nile  itself  between  Mruli  and  Foweira 
Avhere  tlie  waterdevel  hardly  rises  even  in  the  rainy  season.  We  have 
seen  that  the  volume  of  water  discharged  from  the  \  ictoria  lake  at 
the  Ui])ou  falls  varies  from  month  to  month  and  from  year  to  year, 
according  to  the  level  of  the  lake  ;  this  water  flows  down  the  \  ictoria 
Nile  into  lake  Choga,  Avhere  these  variations  have  but  a  very  small 
effect  on  the  large  water  :-urfare.  and  consequently  the  supply  of  the 
^'ictoria  Nile  at  ^Iruli  only  varies  within  very  narrow  limits,  while 
that  of  the  Kafu  does  the  same.  Between  Mruli  and  Foweira  tlie 
Nile  flows  as  a  broad  and  deej)  stream  with  a  steady  but  not  rapid 
current  ;  it  is  free  from  sand  banks  since  the  material  taken  up  in  the 
upper  reaches  has  been  deposited  in  lake  Choga.  In  breadth  it  varies 
usually  from  '270  to  'M'A)  metres  but  in  places,  as  at  Mruli  where  the 
Kafu  joins  it,  it  reaches  7(10  metres.  From  Mridi  to  Koki  a  distance 
of  20  kilometers  the  solid  low  bank  is  thickly  fringed  with  papyrus 
which  (Iocs  not  however  extend  inland,  except  at  the  mouth  of  the  Titi 
river,  where  there  are  low  marshes  for  about  100  metres  from  the 
river.  Beyond  Koki  the  bank  is  higher  being  from  half  a  metre  to  a 
metre  in  height.  The  right  bank  is  for  the  most  part  high  and  solid, 
pa])yrus  oidy  occurring  in  places,  and  the  country  is  generally  open 
and  park-like,  with  here  and  there  jiatehcs  of  thick  forest.  The  water 
level  is  very  constant,  the  rise  between  the  wet  and  dry  seasons  being 
very  small  ;  some  flooding  occurs  in  the  rains  where  tributary  streams 
join,  but  this  is  of  small  extent.*     The  Titi  is  the  principal  stream 

i  Coinmuuicated  by  Captain  R.  Owen. 
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oil  the  left  bank  while  on  thi;  right  there  are  the  Kola,  Lenga,  and 
Toslii  rivers. 

It  follows  therefore  that  tlie  effect  of  lake  Victoria  ami  its  basin  on 
the  supply  of  the  Nile  is  to  furnish  between  Mruli  and  Foweira  a 
volume  which  varies  but  little  from  its  mean  vahu;  eitlier  from  month 
to  month  or  from  year  to  year ;  also  this  amount  is  probably  ab(nit 
ooO  or  fiOO  cubic  metres  per  second,  this  being  the  volume  measured 
below  the  Murchison  falls  on  March  20,  1!)()3'  tlie  end  of  the  dry 
sejison  when  the  tributaries  whicli  join  the  Nile  between  Foweira  and 
the  falls  are  dry.  High  or  low  lake  levels,  wet  or  dry  seasons,  cannot 
alter  this  quantitv  ap])r('cial)ly,  since  the  level  of  the  vast  low-lying 
area  occupied  by  lake  Ciioga,  its  marshes,  and  the  other  lakes  which  join 
it,  only  varies  within  very  narrow  limits  ;  we  may  say,  with  some  con- 
fidence, until  actual  measurements  are  available,  that  the  discharge  of 
the  Victoria  Nile  above  Mruli  closely  approximates  to  570  cubic  metres 
per  second  with  a  variation  of  j)erhaps  50  above  and  below  this  value, 
and  this  value  re])resents  the  part  i)layed  by  the  \'ictoria  lake,  its  basin, 
an<l  its  rainfall  in  supplying  the  Nile.  At  Foweira  (lOfiO  metres) 
274  kilometres  from  the  Ri|on  falls,  the  Nile  tiu-ns  sharply  westwards 
and  as  a  strou"'  stream  450  metres  wide  dashes  down  the  Karuma 
falls  and  tiien  flows  in  a  succession  of  rapids  and  open  reaches  till 
the  Murchison  falls  are  reached. 

To  the  west  of  this  Mruli — Foweira  bend  the  country  is  low  and 
undulating  in  character,  and  Mount  Fumbi  (1400  metres)  may  be 
calK'd  the  centre  of  dispersion  for  the  drainage  of  Unyoro  as  it  is  tlic 
highest  point  of  the  SW.  toNE.  ridge  on  which  are  Hoima  and  Masindi 
and  which  runs  parallel  to  the  Albert  lake,  dividing  the  drainage 
which  flows  to  that  lake  from  that  Avhich  flows  to  the  Kafu  river  and 
the  Nile.  The  rock  of  this  part  of  the  country  seems  to  be  the 
archaean  granite  or  granitcjid  gneiss,  forming  ridges  and  isolated  hills 
which  project  abo\e  the  flat  alluvial  plains  of  the  country,^  where 
a  few  streams  of  small  importance  flow  to  the  Victoria  Nile. 

At  Foweira  the  Lenga  and  the  Dukhi  rivers  join  the  Victoria  Nile 
on  the  rijrht  bank,  and  further  down  several  others  come  in  from  the 
north.  All  these  right-bank  streams  come  from  the  high  groinid  of 
Acholi,  and  must  add  largely  to  the  volume  of  the  Nile  in  the  rainy 
season  ;  their  effect  is  seen  in  the  sand  banks  which  occur  in  the 
bed  of  the  stream  below  the  Murchison  falls''  and  the  deltji  which  is 

1  A  report  on  the  Basiii  of  tin;  Upper  Nile,  p.  7."). 

«  Vandeleur,  loc.  tit.,  p.  37-t. 

3  Report  oil  tlie  Basin  of  tlie  Upper  Nile,  p.  75. 
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Idi-ining  near  Magungo  where  it  enters  the  Albert  lake.  Since  all 
suspcjided  iniittcr  up-stream  of  Mruli  is  deposited  in  lake  Choga,  all 
that  accuniidates  below  the  Murchison  falls  must  have  been  derived 
from  its  bed  between  these  falls  and  Foweira,  or  have  been  brought  in 
by  the  right  bank  tributaries. 

The  Mnrchison  falls,  first  seen  by  Sir  Samuel  Baker,'  are  about  44 
metres  in  height;'  the  river  narrows  to  70  metres  broad  and  finally 
rushes  through  a  narrow  gorge  into  the  valley  below.  Of  these  falls 
Mr.  lietton  Avrites  as  follows: — " 

"C'lose  to  Fajao  are  two  isolated  masses  of  biotite  gneiss,  and 
undoubtedly  the  river,  which  is  here  confined  in  a  deep  canon,  has 
c.irved  its  way  eastward  for  one-and  a-half  miles  to  the  present  falls, 
leaving  these  masses  as  'witnesses.' 

"Arriving  at  the  200  foot  basin  into  which  the  fall  takes  its  final 
plunge,  one  notices  how  the  constant  spray  from  the  falls,  ascending  in 
clouds  like  steam,  allows  the  luxuriant  vegetation  to  "row  over  even 
the  vertical  cliffs  surrounding  the  basin  on  three  sides,  except  where 
the  soft  mica  schist  has  caved  in  by  weathering.  A  double  rainbow 
added  to  the  beauty  of  the  scene,  but  the  near  view  of  the  falls  is 
distinctly  disapjiointing. 

"The  peculiar  intermittent  roar  could  now  be  accounted  for  ;  a  mass 
of  water  tumbling  headlong  into  the  pool  is  inunediately  followed  by 
an  enormous  broken  wave,  then  comes  a  lull,  and  the  process  is  repeated. 
As  this  phenomenon  was  inexpliealjle  from  below,  I  suggested  that  a 
climb  to  the  toj)  of  the  falls  was  advisable. ;  and  after  much  discussion 
our  Nubi  guide  extracted  from  an  airily  clad  Mnyoro  the  information 
that  a  track  did  exist  to  the  to]i  of  the  south  clitf. 

'•It  provetl  to  be  a  most  trying  20()-feet  climb  up  asteepslope  covered 
with  dense  grass,  and  it  could  only  have  been  made  by  an  energetic 
luu-opean.  A  short  downward  scramble  led  to  a  rock  plateau  with 
potholes,  the  largest  of  which  was  15  feet  diameter  and  10  feet  deep, 
filled  with  water,  marking  the  level  of  the  former  bed  of  the  river 
when  it  swirled  round  a  mass  of  gneiss  in  its  centre.  This  being 
gradually  worn  away  on  the  south  side,  apparently  exposed  a  softer 
vein,  and  the  ri\'er  has  cut  its  way  through  in  a  deep  vertical  cleft  from 
20  to  80  feet  wide,  and  of  unknown  de])th.  A  well-known  officer  in  the 
Fganda  KiHes  whom  I  met  two  days  later,  informed  me  that  he  had 
measured  the  narrowest  portion  accessible,  and  found  it  only  lb  feet  wide. 


I  Jour.  R.  Oeog.  Soc.  ISfili.  p.  1-18. 
*  Report  on  tlie  Upper  Xile,  p.  74-.5. 
3  Nature.     .June  n,  l»i2.  p.  ISS. 
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"Now  the  Nile  above  this  is  a  succession  of  falls,  and,  after  a  sharp 
bciiil  to  the  north-west,  turns  ajjain  west  when  it  is  200  feet  wide  and, 
ji'nidiijilly  narrowing,  tumbles  10  feet  over  a  rock  ridge  spainiing  the 
river,  and  tlien  over  a  5  foot  ridge.  For  50  feet  it  rushes  with  increas- 
ing velocity  and  finally  enters  the  extraordinary  cleft.  Down  tills,  for 
l.iO  fcL-t,  the  river  'slithers,'  a  solid  mass  of  water,  as  if  through  a 
sluice.  Suddenly  it  meets  with  an  obstruction,  a  harder  laver  of 
gneiss  through  which  in  undercutting  its  way,  with  terrific  force 
strikes  this,  and  rebounds,  sometimes  A\ith  a  huge  shower  of  spra}'. 
]\Ieanwhile  the  body  of  water  behind  has  to  find  an  outlet,  and,  still 
confined  between  high  walls,  is  forced  over  the  ridge  with  irresistible 
force  ere,  :2.")0  feet  further  on,  it  tumbles  over  the  last  fall  into  the 
lai'gc  l)asin  below,  an<l  the  liack  wa\e  now  a  \ast  boiling  mass, 
follows  hard  after  it.     This  explains  the  ])eculiar  sound   of  this   fall." 

A  kilometre  and  a  iialf  down  stream  of  the  Murchison  Falls  is  tlie 
post  of  Fajao  where  there  is  a  ferry  across  tlie  river.  At  this  point  there 
is  said  to  be  no  rise  of  the  water  level  throughout  the  year  ;  huts  on  a 
low  sandy  flat  oidy  0"4  to  0*5  metre  above  the  water,  can  be  (occupied 
throughout  the  year,  and  the  ro[)e,  posts,  etc.,  of  the  ferry  never 
ri'(juire  to  be  moved.  The  s1o[k!  is  fairl}'  steep  and  the  river  Hows 
with  a  high  velocity.  T  he  Nolume  discharged  was  measured  on  March 
"iO,  ]i)08'  at  a  })oint  about  10  kilometres  below  Fajao  and  22  kilometres 
from  the  lake,  which  gave  the  following  result:   (Plate  YI.  fig.  2). 

Wiiitii     ;507  metres  Mean  velocity  UHU/i  iiietre  per  second. 

JMaxiiiuim  (Icptli    -i'i)       „  Sectional  area  .S',t4'4  square  nietros. 

Mean  (Iciith   ...    2"58       ,,  Discharuo  .577  ciihic  metres  per  seconil. 

From  this  the  slope;  of  tiie  water  surface  was  computed  to  be  1  in 
18,500.  Marks  of  a  higher  water-level  one  metre  above  the  level  at 
that  date  were  noticed  but  it  is  certain  that  this  was  much  more  due 
to  the  \ariation  of  the  lake  level  than  to  the  flood  rise  of  the  liver,  and 
conse<{uently  the  discharge  table  derived  from  this  discharge  is  unreliable, 
as  it  is  assumed  that  all  rise  of  the  water  level  is  due  to  an  increased 
volume  of  water  coming  over  the  Murchison  Falls,  and  the  rise  of  the 
lake  is  not  sufficiently  allowed  for.  When  the  discharge  was  measured 
it  mav  be  said  with  considerable  accuracy  that  the  volume  of  water 
passing  over  the  falls  was  at  its  minimiun;  the  constant  discharge  of 
the  Mruli-Foweira  reach  was  not  being  increased  since  the  rains  in  the 
Acholi  hills  to  the  north  of  the  river  had  not  begun.      By  December 

'  A  r«|  ort  ou  the  Basiu  of  the  Upper  Nile,  p.  75,  and  Plan  VIII.  d. 
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tlie  lake  had  risen  about  one  metre,  and  by  the  following  March  it  was 
])n)]«ibly  0"7  metre  higher  than  in  March,  1903,  while  at  the  discharge 
station  the  water  level  must  have  risen  by  a  somewhat  less  amount, 
although  the  volume  discharged  would  be  the  same  since  the  su{)})ly 
passing  the  Murchison  Falls  nmst  always  l)e  practically  the  same 
at  this  season  when  the  tributaries  below  Foweira  supply  nothing. 
There  is  no  doubt  an  increase,  ])r()bably  a  considerable  increjise,  in 
the  volume  which  passes  the  Murcliison  Falls  in  the  rainy  season,  but 
to  measure  that,  a  gauge  and  a  series  of  discharge  measurements 
are  needed  above  the  falls ;  below  them  the  varying  level  of  the  lake 
in  different  years  and  in  different  seasons  prevents  any  discharge  table 
being  made  at  present.^ 

Lake  Albert  Edward. — Lake  Albert  Edward  was  discovered  by 
Sttmley  in  1875  and  verified  by  him  on  his  journey  in  1888-9,  but  the 
shores  of  this  lake  have  been  laid  down  with  greater  exactness  by 
Stuhlmann-  (1891)  on  the  west  side,  by  Moore ''  (1899)  on  the  west 
and  north  sides,  Scott  Elliot,  Grogan  (1899)  and  Gibbons^  (1900)  on 
the  eiist  side,  and  Scott  Elliot'  (1895),  Lugard''  and  Stanley  on  the 
north  side,  all  except  Stanley  and  Lugard  having  approache<l  the  lake 
from  the  south. 

The  catchment  basin  of  the  lake  includes  an  area  of  about  18,000 
square  kilometres  of  very  irregular  shaj)e,  which  extends  from  the 
watershed  north  of  Lake  Kivu,  in  about  latitude  1°  20'  S,  as  a  belt  some 
50  to  60  kilometres  wide  down  to  the  southern  margin  of  the  lake  ; 
here  it  widens  slightly  being  bounded  on  the  east  and  west  by  the 
high  cliffs  of  the  valley.  Its  north-eastern  extension,  lake  Dueru, 
receives  all  the  drainage  of  the  eastern  side  of  the  Ruwenzori  range. 

At  the  southern  end  of  the  lake  the  continuation  of  the  valley 
extends  away  to  tlie  southward  where  its  floor  rises  graduallv  till  it  is 
finally  blocked  by  the  mountain  masses  of  the  volcanoes  Kirungaclia- 
nioto  and  Kirunga-chagongo  which  rise  to  heights  of  3700  metres  and 
40(»0  metres  and  completely  block  the  valley  at  this  part  (latitude 
1°  30'  S). 

At  the  foot  of  this  mountain  mass  at  an  altitude  of  about 
1500  metres  is  the  source  of  the  river    Ruchuru  which  flows  throuirh 

1  Cf.  App.  IV.  of  a  Report  on  the  Upper  Nile. 
2"Mit  Eiiiiu  Paselia  ins  Herz  von  Afrika."  ISDJ. 
3  "To  the  mountains  of  tlie  Moon,"  Lomlon,  lltOl, 
*  Oeog.  Jour..  Feb..  1901. 
^  A  Naturalist  in  Mid-Africa.  London,  IH'.M). 
«  Proe.  R.  Geog.  Soc,  December,  1892. 
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an  open  plain '  covered  with  euphorbias,  acacias,  chimj)s  of  trees  and 

yellow  sunscorched  i^rass  ;  close  to  the  lake  it  is  a  Hat  treeless  jilain 
extending  up  to  the  foot  of  the  western  hills  which  rise  steep!}-  some 
18  kilometres  beyond  the  village  of  Vichiiiiil)i;  this  plain  ends  in  tlie 
belt  of  dark  green  reeds  which  fringe  the  lake  almost  ever}'where. 

Along  the  western  shore  the  steep  hill-slopes,  which  reach  a  height  of 
from  oOO  to  500  metres  and  in  places  (JOO  to  t)00  metres  above  the  surface 
of  the  lake,  come  very  close  to  the  shore  so  that  there  is  sometimes 
only  a  space  of  a  few  metres  l)road  between  the  foot  of  the  bills  and  the 
lake,  and  at  some  points  it  is  necessary  to  climb  over  the  spurs  wliich 
project  into  the  water  or  to  wade  round  them.  Often  when  the 
mountain  torrents  are  in  flood  the  land  track  is  impassable,  and  the  oidv 
means  of  conununicution  is  by  canoes.  To  the  north-west  of  the  lake  the 
western  wall  of  the  rift  valley  extends  northwards,  enclosing  the  Semliki 
valley,  and  a  grass  ])lain  ext(!nds  for  from  I.t  to  20  kilometres  to  the  first 
low  foothills  of  the  great  Ivuwenzoi-i  range.  Moore  writes  "a  fringe  of 
swamps  borders  all  the  northern  shoi-e  and  close  to  a  low  reed-covered 
promontory  at  the  western  end  of  it  is  the  outflow  of  the  Semliki 
river.  Beyond  (/.  e.  to  the  east  of)  tliis  effluent  the  coast  again  closes 
in  to  the  north  as  a  swiunp.  There  were  low  bejiches  of  yellow  sand 
over  Avhic;h  the  surf  broke  in  endless  lines  of  foam,  and  beyond  these, 
reeds  and  trees  standing  in  clumps,  trees  fallen  tliis  way  and  that,  and 
trees  half  submei"ged  in  still  pools  of  gleaming  water,  which  stretches 
away  among  their  rotting  stems.  After  travelling  in  this  way  for  two 
days  through  endless  sheets  of  water  and  morass,  where  it  was  often 
impossible  to  tell  where  the  swamp  ended  and  tlie  lake  began,  the 
coast  bent  to  tlie  south  and  we  were  within  one  day's  (canoe)  journey 
of  Fort  George.  ^ "  On  the  east  side  of  the  lake  the  hill  sIojjcs  of  the 
platc^iu  keep  from  o  to  10  kilometres  from  the  lake  as  far  as  latitude 
0^  80'  S.  and  then  maintain  a  southerl}^  direction  towards  lake  Kivu. 
The  shore  of  the  lake  is  in  this  part  flat,  sparsely  populated  and  without 
interest.  Several  streams  intersect  this  plain  and  flow  into  the  lake, 
of  which  the  margin  is  low  and  swampy,  usually  fringedwith  a  belt  of 
reeds  more  or  less  wide.  The  water  is  shallow,  being  but  5  metres 
deep  at  a  distance  of  a  kilometre  and  a  half  from  tlie  shore  near 
Katwe  according  to  Stanley. 

Climate. — Exce{)t  some  rainfall  observations  at  Fort  Portal,  north- 
east of  Ruwenzori,  no  meteorological  data  exist  for  this  part  but  it  may 


'  Moore,  loc.  cit.  p.  235  and  p. 
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be  assumed  that  the  climate  is  much  the  same  as  that  of  the  Ankoli 
district  except  near  the  mountain  ranj^e  where  the  rainfall  is  probably 
much  heavier.  The  vegetation  at  the  south  end  of  the  Ruwenzori 
range  is  said  ho^vever  to  indicate  but  a  moderate  rainfall. ' 

The  rim-off  is  carried  to  the  lake  by  immerous  streams,  none  of 
which  are  of  any  gi'eat  size  or  importance,  but  the  principal  ones  are: — 
On  the  south : 

Ruenda,'  5-6  metres  wide,  1  metre  deep  and  flowing  rapidly  in 
May  1891. 

liiichuni,  .50-00  metres  wide,  1  metre  deep  with  a  slow  current'  in 
May  1S91,  while  Moore''  in  February  1900  describes  it  as  "a  mighty 
str(«m  of  muddy  yellow  water  as  wide  as  the  Thames  at  Westminster 
and  whirling  in  eddies  and  rapids  away  to  the  north." 

On  the  west  are  only  small  torrents  with  deeply  eroded  beds  which 
course  down  the  steeply  sloping  ravines  which  they  have  cut  in  the 
cliffs  of  the  western  plateau.  On  the  north  is  tlie  only  effluent,  the 
Issango  or  Seniliki  (see  p.  68).  The  eastern  side  contributes  a  few 
small  streams  only  on  account  of  the  nearness  of  the  Ankoli  plateau 
but  the  Dueru  lake  receives  from  tlie  slopes  of  Ruwenzori  near  Fort 
I*](l\vard  five  mountain  torrents  on  its  western  shore  which  are  impass- 
aljle  when  in  flood,  while  on  the  cjistern  there  are  the  combined  streams 
of  Nasongi  and  Dura,  as  well  as  the  larger  river  of  Mpango  ;  this  latter 
is  said  b\-  Lugard '  to  supply  probably  a  larger  volume  of  water  than 
that  carrieil  off  by  the  Sendiki.  Its  headwaters  lie  in  the  neigh- 
bourhood of  Port  Portid.' 

Change  of  level. — There  are  indications  of  a  recent  change  of 
level  in  the  Albert  Edward  lake  similar  to  those  which  are  met  with  in 
most  other  lakes  in  this  part  of  Africa.  As  Moore*'  ])oints  out,  the 
comparatively  recent  volcanic  out-burst  which  has  cut  off  lake  Kivu 
from  the  rift  valley  to  the  north,  has  considerably  reduced  the  supply 
of  water  flowing  to  the  Albert  Edward  and  Albert  lakes  compared  to 
what  there  was  in  earlier  times  before  the  changes  oi  level  occurred 
which  were  due  to  the  resulting  earth  movements  ;  besides  which  there 
are  the  [jcriodic  variations  of  level  wliich  are  probabh'  due  to  varying 

1  Johnston.   "The  Uganda  Protectorate"  London,  liK)2,  vol.  I,  p.  142. 

2  Stuhlniann,  loc.  cit.,  |).2ri5. 

3  "The  Mountains  of  the  Moon."  |>.2.">5. 
*  Proc.  It.  Cleo;:.  Soc.  lsy2,  i...s:i7. 

5  For  fuller  details  of  the  rivers  on  the  east  of  the  liuwenzori  range,  see  "A  Keport  on  the  Upper 

Nile,"  p.  48  ft". 
8  Log.  cit.  p.  222-4. 
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meteorological  conditions,  similar  to  those  oE  the  \'ictoria  lake  which 
have  been  discussed. 

On  the  north  and  east  sides  of  the  lake,  up  to  an  ahitude  ol" 
100  metres  above  its  present  level,  there  is  a  series  of  well  marked 
shorelines*  whicli  outline  the  I'oniicr  limits  of  the  lake;  these  sweep 
round  the  soutliern  flanks  of  the  Ruweiizori  range  into  the  Scmliki 
valley  where  a  barrier  nuist  once  have  retiiined  the  waters  of  tlie  lake. 
Until  this  valley  is  more  accurately  known  it  is  diflficult  to  speak  more 
precisely  as  to  the  nature  of  this  dam. 

Stuhlmaiui'  records  a  layer  of  shells  on  the  plain  west  of  Vichumbi 
one  metre  thick  and  at  an  estimated  height  of  S  metres  above  the 
})resent  level  of  the  lake.  The  inliabitants  of  \'ichumbi  also  possessed 
a  tradition  that  in  tin:  days  of  their  fore-fathers  their  village  was 
situated  at  the  foot  of  tiie  hills. 

As  regards  periodic  oscillations  Stuhhnann  was  told  that  the  iidial)- 
itants  of  the  small  promontory  of  Kisira  at  the  soutii  end  of  tiie  lake  are 
driven  out  by  their  land  being  flooded  every  6  or  7  years.  When  he 
revisited  the  spot  in  1S9;2,  a  year  later  than  when  he  first  reached  it 
(May  1891)  the  lake  apptiarinl  to  be  20  to  80  centimetres  lower,  but 
any  weakness  in  tlie  November- December  rains  or  lateness  in  the 
spring  rains  would  account  for  this. 

Tliis  observation  appears  to  be  the  nearest  approach  at  present  to  a 
record  of  the  annual  rise  and  fall  of  the  lake,  which  doubtless  has  also 
its  periods  of  higher  and  lower  level  as  we  have  seen  in  the  case  of  lake 
Victoria,  and  since  the  cause  is  meteorological  all  these  ecpiatorial  lakes 
will  vary  similarly  and  at  the  same  time.  In  Februar}',  1908,  when  Sir 
William  Garstin  visited  lake  Albert  Edward  the  Victoria  lake  had  risen 
but  slightly  above  its  lowest  level  of  recent  years,  so  that  the  shore 
line  marking  the  limits  of  the  lake  one  to  two  metres  higher  than  it 
then  was''  may  mark  the  range  of  the  lake  level  at  the  present  time. 

By  the  end  of  1904,  like  all  these  lakes,  it  was  probably  a  metre 
hiffher  at  least.  This  f^encral  rise  was  due  to  the  rains  of  1903  and 
190-1  and  lake  Rukwa,  which  about  1896  was  almost  dry,  is  now  full 
again.  * 

The  Semliki  River. — The  Semliki  river  takes  the  surplus  water 
of  the  Albert  Edward  lake  and  flowing  northwards  in  the  valley  to  the 


1  A  Report  on  the  Upper  Nile,  p.  41. 

«  "Hit  Emiii  Pascha  ins  Herz  von  Afrilca,"  p. 209. 

3  A  Keport  on  the  Upper  Nile,  p.  43. 

*  Globus,  vol.  87,  No   ".,  p.  84. 
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west  of  the  Ruwenzori  range  receives  the  drainage  of  its  western  slope 
as  well  as  that  from  the  western  side  of  the  valley  ;  it  reaches  the  south- 
ei-ii  end  of  the  Albert  lake  after  a  course  of  about  2C)0  kilometres  of 
wliicli  the  greater  ])art  has  not  yet  been  mapped,  j<o  that  this  length  is 
only  approximate.  Like  most  central  African  rivers  it  is  known  by 
different  names  to  the  different  tribes  on  its  Ijanks  ;  Stanley  called  it 
the  Semliki  when  he  reached  the  northern  end  of  it  near  the  Albert 
lake,  Stuhhnann  foun<l  it  known  as  the  Issango  on  the  west  bank  near 
the  Albert  Edward  lake,  whili;  at  Katwe  it  is  known  as  Kakunda;  ' 
lower  down  Kabibi,  Ituri  and  Nausa  are  also  used.  - 

The  breadth  of  the  main  valley  between  the  steep  slopes  which  divide 
it  on  the  Avest  from  the  Congo  basin  and  the  foot  hills  of  the  liuwenzori 
range  is  from  20  to  80  kilometres,  in  the  centre  of  which  Hows  tlie 
Semliki  in  the  narrow  valley  1  to  2  kilometres  wide  which  it  has  carved 
for  itself  in  the  alhnial  deposits  which  cover  the  floor  of  the  larger 
valley.  This  valley  is  wooded  near  the  foot  of  the  hills,  and  the  numer- 
ous streams  flow  rapidly  down  their  wooded  ravines  to  join  the  main 
sti'eam.  About  7o  kilonu^tres  from  the  head  near  Fort  Mbeni  the 
Semliki  enters  a  \y.\vt  of  the  great  Congo  forest  and  little  is  known  of 
its  course  until  it  emerges  from  it  at  the  commencement  of  the  level 
])lainsof  the  Albert  lake. 

Besides  Stanley''  in  ]\Iay  ISS'.)  the  valley  was  traver.sed  by  Lugard* 
in  1(S91  and  also  bv  Stuhhnann  in  the  same  year'';  Scott  Elliot" 
marched  round  the  southern  end  of  the  liuwenzori  range  and  ascended 
it  from  the  western  side  to  a  height  of  ?A00  metres  while  Stuhlmann's 
highest  point  was  about  4,060  metres. 

Where  travel  is  so  difficult  and  the  forest  growth  hinders  all  detailed 
work,  ample  hydrographic  material  cannot  be  e.xpected.  The  rainfall 
has  been  measured  at  Fort  Portal  (to  the  north-east  of  the  Ruwenzori 
range)  for  about  3  vears  and  amounts  to  about  1.500  mm.  yearly  (see 
p.  31,)  but  this  cannot  be  taken  as  representing  the  amount  which  falls 
on  the  lower  slopes  of  the  Semliki  valley,  where  in  the  forested  parts  the 
i-aiu  probably  falls  throughout  the  year.  Still  the  vegetation  appears 
to  absorb  the  greater  part  of  it  at  once  and  in  s])ite  of  the  numerous 
tributaries  (25  being  shown  on  the  right  bank  and  47  on  the  left  bank 
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on Moisel's  map),  some  of  which  are  fed  by  the  snow-fields  and  gla- 
ciers, the  final  discharge  of  the  i-ivcr  into  the  Albert  lake  is  only 
about  l'2r>  cubic  metres  per  second  in  tlic  dry  season.  The  only  two 
accurately  measured  Jischargcs  were  taken  in  the  dry  season  of  1!)();5. ' 
(see  Plate  VI). 
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The  data  furnished  by  travellers  are  imperfect,  so  that  the  volume 
discharged  at  other  seasons  can  only  be  roughly  estimated. 

At  about  50  kilometr(\s  down-stream  to  the  SW.  of  the  main  mass 
of  Kuwenzori,  Stuhhiiann"  found  the  Semliki  in  -lune  l.SiU  at 
Mkorongo  flowing  in  a  bed  eroded  to  a  depth  of  (5  to  1(1  mctrcis  in  the 
alluvium  but  being  here  too  deep  to  ford  he  crossed  it  8  kilometres 
lower  down  where  it  was  00  metres  wide,  1'25  metres  dee]i,  and  its  light 
}cllow  water  was  flowing  very  rapidly  over  a  sand  and  gravel  bed. 

Lugard  crossed  it  about  20  kilometres  further  down  without  difficulty 
about  the  end  of  the  same  year. 

Near  where  it  was  crossed  by  Stuhlmann  in  Jvme  1891,  Stairs  visited 
it  in  June  1889.  He  describes  it  as  ;^8  metres  wide  3  metres  deep 
between  banks  15  to  18  metres  high,  and  having  a  velocity  of  about 
\''M^  metres  per  second  (8  miles  an  hour)  ^  which  would  correspond 
to  a  discharge  of  about  152  culjic  metres  per  second. 

About  75  kilometres  from  the  Albert  P^dward  lake  near  the  Congo 
stiite  fort  of  M])eni  the  river  flows  between  liigh  banks  and  is  too  deep 
and  swift  to  be  forded.  ■• 

A  little  lower  doAvn  it  ])lunges  ijito  the  Congo  forest  and  its 
com'se  is  not  accurately  known  for  the  next  65  kilometres  ;  here 
Stuhlmann  crossed  it  in  latitude  0°47'  N  at  a  point  due  north  of  the 
Ruwenzori  range  and  found  it  at  the  beginning  of  July  1891  to  be  (JO 
to   80  metres  wide,   1  to  1"5  metres  deep  and  with  a  strong  cm-rent. 


1  Report  on  the  Upper  Nile,  p.  C8,  70. 

«  Loc.  cit.,  p.  282. 

3  Stanley.  "Tn  Darkest  Africa,"  II,  p.  204. 

*  Johnston.  '-The  Ugantk  Protectorate."  London,  1902,  p.  194. 
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flowing  in  a  bed  cut  one  metre  deep  in  clay  at  one  place  while  at 
another  point  further  downstream  it  had  cut  tln-ou<;]i  a  80  metres  cliff 
of  laterite. 

Stanley'  on  May  11,  INSi),  crossed  it  at  a  point  fui-thcr  downstream 
in  lat.  O''  54'  N.  wliere  it  was  5,5  metres  wide  with  a  4-5  knot  (2!  metres 
per  seconil)  current;  a  little  lower  down  it  was  !)0  metres  wide  and  a 
tine  deep  river.  A  point  some  6  kilometres  downstream  had  been 
examined  2  days  before,  and  there  the  river  was  7U-(S0  metres  wide, 
swift  and  deep  with  banks  H  to  6  metres  high,  and  passal)le  only  in 
canoes. 

Moore  also  marched  along  the  lower  part  of  the  river  from  this  point 
to  the  lake  but  gives  no  information  about  it  in  his  book.  From  this 
ferry  to  the  Albert  Lake,  a  distance  of  alK)ut  50  kilometres,  there  is  a 
wide  low-lying  plain  at  times  partially  flooded  and  covered  in  May 
with  a  thin  grass  some  50  centimetres  high. 

From  these  data  it  would  appear  that  in  the  dry  seasons  July  to 
September  and  January  to  March,  the  river  does  not  carry  any  great 
amount  of  water,  the  amount  taken  up  by  the  dense  vegetation  nearly 
etpialling  what  the  tributary  streams  bring  in.  Tn  the  rainy  seasons 
its  volume  is  greatly  increased,  and  from  the  Hood-marks  at  the  point 
where  the  discharge  was  measured  near  the  Albert  lake  plain,  a  probable 
flood  volume  of  700  cul)lc  metres  per  second  is  deduced."  The  alti- 
tudes of  Albert  Edward  and  Albert  lakes  as  at  present  accepted,  namely 
965  metres  and  700  metres''  above  the  sea,  give  for  the  Semliki  an 
average  slope  about  1  in  1000  or  1  metre  per 'kilometre;  the  upper 
reaches,  and  the  last  50  kilometres  of  the  river  have  cei-biinly  a  \ery 
moderate  slope,  so  that  in  the  middle  150  to  200  kilometres  there  nuist 
be  a  greatly  increased  slope  due  to  ridges  of  hard  rocks  forming  a  sill 
or  a  series  of  sills  across  its  course. 

All  descrijitious  of  the  descent  from  the  i)latcau  at  Fort  Portal  to 
the  Sendiki  \alley  *  dwell  on  the  ra])id  fall  of  tlie  ground  which  in  three 
main  steps  of  about  400,  15(1  iin<l  250  metres  descends  from  the  alti- 
tude of  15;>0  metres  to  730  metres  above  sea  level.     It  appears  therefore 


'  In  Darkest  Africa,  II,  p.  23fi. 

*  Repoi't  (111  the  Upper  Nile,  p.  71. 

3  This  hitter  value  is  from  liypsoinetrie  observations  111  Jlr.  .1.  1.   Craig  in  Marrli  l!1il3  conipiitecl 
with  the  aid  of  the  liaronietrie  observations  taken  sinmltaiieously  at  Kntebbe. 
The  values  thus  determined  were  :— 

Moima 117!)  metres  Nile,  Wadelai 702  metres 

Butiaba  tlagstall      ...       845      „  „     Nimule    fi9S      „ 

Lake  Allwrt      704      „  „     Asua  juuction     ...     ti8.")      „ 

„     Fort  Berkeley       ...     tifid 

*  Report  on  the  Upper  Nile,  p.   ."iS,  and  Geoj;.  .lour.  Sept.   1904  p.  2t>Ci. 
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not  improbable  that  the  rocks  which  have  resisted  erosion  sufficiently 
to  form  this  lowest  step  are  those  which  may  form  the  present  rapids 
and  falls  of  the  Semliki  and  may  have  formed  that  rock  mass  which  in 
earlier  times  retained  the  waters  of  tlie  Albert  Edward  lake,  which  then 
poured  its  surplus  water  over  a  fall  into  the  Albert  lake  below. 

The  northern  half  of  the  Semliki  valley  is  tilled  with  clay  sand,  and 
rolled  boulders,  and  into  these  bedded  deposits  the  river  has  cut  its 
deep  channel.  In  the  southern  half  nothing  of  this  sort  appears  ;  there 
low  hills  lie  east  and  west  of  it  some  of  which,  as  an  elevated  block 
formed  once  a  transverse  ridge  or  barrier  across  the  valley  at  the  time 
when  the  Albert  Edward  Lake  was  thus  maintained  at  a  higher  level. 
Over  this  flowed  the  outflow  of  the  lake  whicii  gradually  cut  its  way 
back  and  lowered  the  lake.  This  seems  to  have  been  rather  below 
where  Stuhlmann  first  crossed  it  and  where,  he  says,granite  hills  lie 
in  the  valley  with  the  river  winding  between  tliem. ' 

From  the  description  of  the  sliar|tly  marked  beach  lines  surrounding 
the  Albert  Edward  lake  it  would  seem  that  earth  movcnnents  ma}'  Iiuve 
assisted  tlie  erosion  of  the  l>ar  and  produced  a  comparatively  rapid 
lowering  so  as  only  to  lea\e  marked  beach  lines  at  intervals. 

The  Albert  Lake.  —  In  the  Albert  lake  tlie  drainage  of  the  lake 
])lateau  collects,  and  from  it  tlie  liahr  el  Jebel  carries  it  northward  to 
the  Sudan  and  Egypt.  Discovered  in  1864  by  Sir  Samuel  l)aker  who 
gi'eatly  overestimated  its  area,  itsactual  limits  were  determined  by  Gessi 
Pasha, '  and  Mason  Bey  who  circumnavigated  it,  but  no  accurate 
survey  of  its  shores  yet  exists,  although  Stanley,''  Jephson,^  Emin,* 
Junker,*  Stuhlmann,'  Grogan,'*  and  others  have  traversed  parts  of 
of  it  from  time  to  time.  It  lies  between  the  walls  of  the  western  rift 
valley  at  an  altitude  of  about  704  metres  above  sea  level'-'  and  is  about 
ItiO  kilometres  long  by  80  to  4.5  broad  ;  its  catchment  basin  including 
the  area  of  the  Semliki  river  valley  is  about  32,000  square  kilometres. 

At  the  south  end  of  the  lake  the  shore  is  low  and  formed  by  the 
deltas  of  the  Semliki  and  Misisi  rivers,  which  spread  into  the  lake  as 
vast  swamps  of  papyrus  reeds  and  ambatch. 

i  "Mit  Eniin  Pastha  ins  Here  von  Afrika,"  Berlin  1S!I4,  |i.  2S2  ami  29S. 

2  Bull.  Soc.  Geop.,  Paris,  .June,  1875. 

3  -'In  Darkest  Afriia,"  vol.  II.  ch.  XXV. 
<  "Erain  Pa.slia,"  London,  IS'.X). 

5  -'Emin  Pa.*ha  in  fV-ntral  Africa."  Felkin.  London.  ISSS. 

6  "Travels  in  Africa,"  London,  1892,  vol.   Ill,  Chap.   XIII. 

7  IjOC.  cit.  p.  .'■)7li. 

8  "From  the  Cape  to  Cairo."  London,  I'.KK), 

9  Craig.  See  footnote  on  p.  71. 
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From  the  very  moderate  area  of  its  catchment  basin  and  the  absence  of 
large  rivers,  except  the  Semliki  and  the  ^'ictoria  Nile,  the  Albert  lake 
has  but  a  small  mai-gin  to  spare  for  raising  its  water  level.  The  rain- 
fall at  l')Utialja  on  the  eastern  shore  was  905  mm.  in  1904  but  this  is 
pi-obably  below  the  total  of  an  average  year;  on  the  opposite  shore 
where  the  south-easterly  winds  have  to  rise  to  the  Congo  plateau  it  is 
probably  heavier  still. 

The  gauge  at  Butiaba,  the  port  for  Hoima  on  the  east  coast  of  the 
Albert  lake  was  establislied  on  February  19,  1904,  and  its  variations 
repeat  those  of  the  W'adelui  gauge  but  with  a  reduced  range  (Plate 
\a,  Yli.).  The  level  has  remained  fairly  steady  throughout  1904, 
rising  slowly  towards  the  end  of  this  year  Ijut  in  the  previous  year 
by  the  end  of  October  it  had  risen  Q-H'A  metre  above  its  level  in 
March  l9()o, '  while  the  Wadelai  gauge  had  risen  I'lZ  metre.  Thus 
the  difference  of  range  due  to  ihe  slope  from  the  lake  to  Wadelai 
is  considerably  reduced  as  the  lake  rises  while  as  the  lake  falls  it  is 
re-esta])lished. 

Though  the  short  series  of  observations  available  is  insufficient  to 
decide  finally  the  relative  importance  of  the  summer  and  winter  rains, 
still  the  gauge  readings  seem  to  indicate  that  it  is  the  latter  which 
have  the  greater  effect  in  raising  the  level  of  the  Albert  lake  just  as 
is  the  case  for  lake  Victoria.  Using  the  Wadelai  records  before  the 
Butiaba  gauge  was  established  the  gauge  readings  of  the  last  three 
years  show  that  the  Albert  lake  was  very  low  in  1902  as  compared 
with  the  followings  years,  but  rose  steadily  after  August  ;  after  the 
December  maximum  it  fell  and  then  rose  rapidly  after  August,  while 
in  1904  the  level  was  consistently  high.  Thus  the  mean  lake  level  for 
the  year  will  be  seen  to  ri.se  and  fall  in  the  same  way  as  the  ^'ictoria 
lake,  as  is  to  be  expected;  1902  was  a  year  of  very  low  level  on  both 
lakes,  but  in  1903  they  rose  rapidly  being  high  after  June,  and  this 
level  was  maintained  throughout  1904  thus  giving  an  increased  mean 
value  for  this  year.  We  see  there  fore  a  very  marked  variation  of  lake- 
level   ])i()(laced  by  an  increase  of  rainfall  in  11>03. 

The  volume  discharged  at  Wadelai,  ()4  kilometres  from  the  Albert 
Lake,was  measured  on  22ii(l  ^larch  IDO.S.- 
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A  discharge  table  for  the  gauge  at  this  jwint  has  been  computed  bj- 
Mr.  Craig'  on  the  basis  of  tliis  discharge,  (seep.  91)  from  which  the 
meau  volume  discharged  may  Ik-  ajjproximately  derived.  (Plate  X.). 

For  a  section  of  the  river  at  this  point,  see  Plate  Nil  I. 

WADELAI. 

MEAN  GAIGE  IlEAPlNfiS  AND  VOI.IME  DISCHARGED  AS  DEDIC'ED  KltOM  THEM. 
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As  from  Max  l!t04  to  Marcli  22  1905  the  connection  of  the  gauge 
well  at  Wadelai  with  the  river  was  sanded  up,  the  readings  after  May 
1904  are  too  low  so  tliat  the  volume  actually  discharged  after  that 
montli  was  larger,  but  the  table  makes  sufficiently  clear  how  largely 
the  height  of  the  Albert  lake  affects  the  volume  su{)])lie(l  to  the  Eahr- 
el-Jebel.  Taking  the  constant  supply  furnished  by  the  Victoria  Nile 
above  Foweira  as  about  550  cubic  metres  per  .second,  hardly  any 
additional  water  was  supplied  by  the  Albert  lake  and  the  Nile  tribu- 
taries below  Foweira,  in  June  1902,  while  at  the  end  of  li)08  and 
throuiihout   1904  the  addition  was  not  far  from  100%^. 

Felkin  -  when  on  tlie  lake  in  December  1878  considered  that  at 
Magungo,  at  the  mouth  of  the  Victoria  Nile,  water  was  flowing  from 
the  Victoria  Nile  towards  the  Bahr  el  Jel)el  and  a  second  current  flowing 
south-west  into  the  lake.  At  this  time  the  level  of  the  Albert  lake 
like  that  of  the  Victoria  lake  nuist  have  been  high  after  the  very 
heavy  summer  and  autumn  rains  of  that  year  so  that  far  from  drawing 
upon  the  Victoria  Nile  supply  the  lake  was  doubtless  supplying  as 
much  again  to  the  P>aln-  el  Jelxil.  Any  current  flowing  from  the 
north-east  was  probably  caused  by  wind  which  at  that  season  would  be 
northerly. 


t  See  p.  90. 

'  "Uganda  and  the  Egyptian  Sudan."     London,  1882. 
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The  regulatintj  action  of  the  Albert  lake  smooths  out  rapid  rises 
and  falls  (jf  the  Victoria  Kile  which  the  floods  of  the  tributary  streams 
from  the  hills  of  the  Acholi  district  would  otherwise  cause,  and  the 
lake  gauge  at  Butiaba  and  the  Bahr  el  Jebel  gauge  at  "VVadelai  coiise- 
(luciitly  rise  and  fall  evenly.  The  hypothesis  recently  advanced  '  that 
the  flood  waters  of  the  Victoria  Nile  are  here  delayed  nearly  5  months 
in  their  passage  down  the  Bahr  el  Jebel,  is  based  on  a  misapj)rehension 
of  the  climatic  conditions,  and  consequently  the  difference  of  5  months 
between  the  dates  of  the  maximum  gauge  readings  on  the  Victoria  lake 
and  the  maximum  readings  at  Butiaba  and  Wadelai  has  been  taken  to 
mean  that  this  amount  of  delay  occurs.  First  it  may  be  remarked  that 
the  minima  of  the  gauges  at  Butiaba  and  Wadelai  occur  in  the  month  of 
!\Iarch,  while  at  Jinja  the  Victoria  lake  is  low  then  and  will  ordinarily 
rise  considerably  before  June  when  it  is  generally  at  its  maximum. 
With  the  ]\Iarch-June  rains  all  three  gauges  rise  but  in  July- September 
the  Victoria  lake  falls  rapidly  in  consequence  of  evaporation  Ijy  the 
south-east  trade  winds  and  want  of  the  rain  in  the  dry  season.  The 
Albert  lake  on  the  other  hand  is  still  receiving  a  good  supply  from 
the  Semliki  river  and  the  rainfall  at  Fort  Portal  is  heavy;  the  \'ictoria 
Nile  owes  its  flood  to  the  rainfall  of  the  Acholi  hills,  where  rain  is  now 
heavy,  and  this  supply  is  poured  into  the  lake,  while  at  Wadelai  more 
than  100  mm.  a  month  of  rain  is  falling.  After  this  date  the  rain 
belt  is  returning  south  and  rainfall  increasses  in  October  and  Novem- 
l)er  (see  p.  S-i)  so  that  it  is  not  to  be  wondered  at  that  the  maximum 
reading  is  reached  in  December. 

Change  of  level. — The  variations  in  the  level  of  the  lake  w^ill 
follow  generally  those  of  lake  \'ictoria  and  the  other  ecjuatorial  lakes, 
falling  in  years  of  deficient  rainfall,  and  reaching  in  a  year  of  heavy 
mill,  a  high  level  wdiich  may  be  maintiiined  for  several  years  if  their 
rains  are  u[)  to  the  average  or  only  slightly  in  excess.  Emin  Pasha" 
stjit(!s  that  there  was  an  island  2  metres  al)o\e  the  lake  surface  south- 
south-east  of  Mahagi  where  in  1871)  there  was  none.  Stuhlmann ''  in 
ISDl  mciitidiis  two  promontories  on  the  western  shore  which  were 
islands  when  StiUiley  visited  the  spot  in  1889. 

Kmiii  Pasha  records  a  shoal  at  Tunguru  in  187(5,  which  in  1880  was 
a  sand  bank;  Jephson  calls  it  an  island  in  188G  and  in  April  1888  it  was 
joined  to  the  shore  by  a  strip  of  land  I'o  metre  above  the  water-level. 

i  Willcocks.  "The  Nile  in  1904."    London,  1904,  p.  30. 
*  Emin  Pasha  in  Central  Africa.     London,  1888,  p.  167. 
3  "Mit  Eniiii  I'ascha  ins  Herz  von  Afrika."    p.  582. 
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III  both  Albert  and  Albert  Edward  lakes  there  is  moreover  a  large 
amount  of  detritus  being  annually  deposited  in  the  lakes,  since  most 
of  the  rivers  which  fall  into  them  have  steep  slopes  especially  on  tlie 
western  shores.  Much  of  this  material  must  be  coarse  and  therefore 
is  soon  deposited  in  tlie  lake  so  that  the  growth  of  some  of  these 
islands  is  probably  assisted  by  deposition  as  well  as  by  variation  of  the 
lake  level. 

At  the  southern  end  where  the  Sendiki  and  Misisi  enter,  these  rivers 
have  traversed  their  level  Hood  ])lains  for  some  distance  and  the  de])osit 
in  the  lake  is  fine  silt.  At  the  northern  end  the  Victoria  Nile  is 
forming  a  delta  with  the  material  vvhicli  it  receives  below  Foweira  as 
already  mentioned. 

The  obliteration  of  the  Albert  Edward  and  Albert  lakes  in  course 
of  time  by  the  detritus  brought  down  by  their  tributary  streams  has 
been  anticipated, '  and  though  when  this  takes  place  many  other 
changes  will  doubtless  have  occurred  and  the  whole  regimen  of  the 
Upper  Nile  may  have  altered,  still,  as  a  case  of  river  development, 
it  is  interesting  to  trace  the  effect  which  such  silting  uji  of  the  lake 
basins  would  have  on  the  liahr  el  Jebel.  The  Ruchurii  would  traverse 
the  site  of  the  Albert  Edward,  forming  banks  from  the  silt  that  it 
carries  in  flood, with  lagoons  and  marshes  behind  them;  joined  by  the 
streams  from  the  east  of  Ruwen/.ori  their  combined  waters  would  flow 
down  the  Semliki  valley  and  across  the  present  Albert  lake.  'Jliis  is  a 
distance  of  about  3.50  to  400  kilometres  and  the  fall  is  about  2.50  metres 
giving  sufficient  velocity  to  carry  silt  to  form  natural  banks.  The 
position  will  then  be  that  there  will  be  an  April- May  and  a  November- 
December  flood  corresponding  with  the  rain\-  seasons,  while  the  present 
loss  from  evaporation  will  be  immensely  reduced  in  consequence  of 
the  efreat  reduction  of  water  surface. 

Summary. — In  this  most  southern  ]iart  of  the  Nile  basin  we  have 
a  jjjateau  l}ing  some  1500  metres  above  sea  level  and  composed  of 
gneiss  quartzite  and  schists ;  the  central  portion  is  occupied  by  lake 
Victoria,  while  the  deep  fault  \alley,  in  which  lakes  Albert  Edward 
and  Albert  lie,  forms  the  western  portion.  Much  movement  has  tiiken 
place  comparatively  recently  and  blocks  of  the  plateau  have  been  raised, 
lowered,  or  tilted,  so  that  the  drainage  follows  the  depressions  so 
formed.  As  yet  the  rivers  have  not  had  time  to  deposit  or  erode 
sufficiently  to  give  a  regular  grade  to  their  beds  so  that  marshes  and 


I  A  Report  on  the  Upper  Nile,  p.  9. 
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vvater-lofT^L'd  dcpn'ssions  still  alternate  with  reaches  in  whieli  the  fall 
is  consitlerahle  and  tlie  flow  therefore  raj)i(l.'  The  priiieipal  rainy 
seasons  furnish  the  supply  of  the  lakes  and  the  surplus  flows  off  at  the 
Rij)on  falls  and  at  the  north  of  the  Albert  Lake.  Owin<r  to  the  wide 
expanse  of  marsh  and  shallow  lake  Avhich  intervenes  between  the 
upper  and  lower  portions  of  the  Victoria  Nile,  the  fluctuations  in  the 
level  of  the  Victoria  lake  have  no  effect  upon  the  volume  of  water 
passing  Foweira,  which  must  be  a  constant  amount  of  al)()Ut  ooO  cubic 
metres  per  second. 

Below  this  in  the  rainy  season  there  is  an  addition,  perhaps  consi- 
derable, from  the  Acholi  hills  but  no  data  are  available.  The  effective 
supply  contributed  by  the  lake  plateau  to  the  Nile  is  that  which  enters 
the  head  of  the  Bahr  el  Jebel  from  the  Albert  lake,  and  this  ranges 
apparently  from  about  500  cubic  metres  per  second  when  the  lake  is 
very  low  to  double  that  amount  when  it  is  hijj^h.  That  is,  there  is  a 
constant  supply  of  550  cubic  metres  per  second  rei)resenting  the 
contribution  of  the  Victoria  lake,  to  which  the  Albert  lake  may  add  as 
much  again,  or  possibly  even  withdraw  some  from  it;  it  is  the  level 
of  this  latter  lake  therefore  which  is  the  dominant  factoi-  in  the  hydro- 
graphy of  the  lake  plateau. 


>  Cf.  tlie  (Inscription  of  the  Oregon  district  in  the  4th  imnuiil  report  of  tlie  United  States  Geolo- 
gical Survey  for  soniewliat  similar  conditions,  except  that  there  the  climate  is  a  dry  one. 
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CHAPTER  III. 

TiiK  Bauk  kl  Jebel,  Baiik  kl  Zahaf  and  Bahk  el  Ghazal. 

The  basin  oE  the  Bahr  el  Jebel  is  of  small  extent,  com])rising  some 
100,700  square  kilometres  incliKlini:-  the  are^  drained  by  the  liahr  el 
Zaraf ;  it  is  bounded  on  the  west  a])i>n)xiniately  bv  the  .'lOth  meridian 
east  of  Greenwich,  while  on  the  east  the  boundary  between  it  and  the 
Sobat  basin  lies  to  the  east  of  the  Bahr  el  Zaraf,  between  this  river  and 
the  Khor  Filus,  to  about  the  latitude  of  Bor  whence  it  tunis  south-east 
so  as  to  include  the  Latuka  hills  and  the  other  ranj^es  lyin<r  to  the  east. 

This  part  of  the  watershed,  between  the  Bahr  el  Jebel  and  the  Bahr 
el  Zaraf  on  the  west  and  the  Sobat  basin  on  the  east,  is  very  ill-defined, 
foi-  the  flat  open  plains  which  occur  here  have  no  ])ronounced  lines  of 
drainage  but  are  flooded  swamjfs  in  the  rainy  season,  most  of  the  water 
evapoi'atiuij  later,  thouiih  a  small  proportion  is  jirobably  drained  oft' 
by  such  cliannels  as  the  Pibor  and  the  Khor  Filus.  The  plateau  of  the 
Miisha'  country  which  lies  at  an  altitude  of  about  loOO  metres  above 
sea  level  seems  here  to  mark  the  division  between  the  westei-n  and 
eastern  drainage  aiul  thence  by  the  Karaniojo  plateau  as  far  as  mount 
Dal)asien  the  line  runs  southwards,  after  which  it  tiu-ns  westwards  be- 
tween the  Asua  river  and  the  Victoria  Nile  to  the  head  of  the  Albert  Lake. 

North  of  lat.  5°N.  the  basin  consists  of  almost  level  plains  sloping 
very  gently  towards  the  north  and  composed  of  a  sandy  ferruginous 
soil  derived  from  the  decomposition  of  the  gneiss  which  is  the  predom- 
inating tvpe  of  rock  in  this  part  and  which  appears  here  and  there 
as  low  round-topped  hills,  near  the  foot  of  the  southern  plateau. 

Between  the  river  valleys  the  land  rises  shghtly  forming  a  dry  ridge 
of  higher  land  which  is  in  marke<l  contrast  to  the  swamps  which  occupy 
the  vallevs  and  form  a  l)road  belt  joining  the  northern  flood  plains  of 
the  Bahr  el  Ghazal  and  the  Bahr  el  .lebel  where  they  unite  to  form  the 
White  Nile.  To  the  south  of  the  fifth  parallel  the  country  is  of  a 
totallv  dift'crent  character  ;  the  Bahr  el  Jebel  itself  flows  in  a  nan-ow 
channel  between  high  hills  and  its  course  is  interrupted  by  numerous 
falls  and  rapids  ;  on  the  west  the  hilly  watershed  gives  rise  to  streams 
which  flow  throngh  densely  wooded  valleys  till  on  reaching  the  flat 
northern  plain  they  disappear  m  swamps.  A  most  picturesque  country  lies 


1  Donaldson  Smith,  Geog.  Journ.,  Dec,  1900. 


iR 


r 


■  Vf^ 


?  ,.;■ 


V' 


^ 


THE     BASIN    OF  THE     BAHR     EL    JEBEL 
AND  THE    BAHR     EL    GHAZAL 


0 


.• 

a* 

"■ 

■• 

■•^ 

»■ 

If 

/'-.. ]-■ 

y 

■' 

J 

^/"-^ 

-•f           1 

,^     --^^ 

i( 

Vi\ 

— 

•• 

^^^ ---\^w 

111'  •'  "i"^  iu'a. 

"-.:.,/ 

/^.    '  pVS~ 

- "        ir 

_.,.-- 

"^•l-j.^ 

J.^.<     ^   1 

"'-"T 

•• 



•'-^•..    , 

-  y 

/ 

/ 

4r^ 

V»kt  Wo        C*- 

^^^^S^iji-^       >t  Ti.f1,lt 

I/. 

' 

.-■' 

• 

,'''^ 

L_'>' 

(  t 

"K 

*^ 

/ 

-'            ^ 

(iV^M 

,.-i^ 

b.; 

""" 

■^^ 

,. 

;           i' 

I-       ' 

/                               / 

♦                             y         / 

^  >■ 

\ 

A:.  7^>    . 

.-'- 

,  '  ^ ,  ^  "" ' '. 

tr-v      '^'Z         >^ 

'-'      '/ 

^\ 

(  .'-^     '^- 

■-       \ 

^■>d*iB  li»«i»         / 

V"      /♦• 

/    -;  ( 

/      V 

r~~^v>i.^  ^-\ 

VN>' 

,      4r'~ 

^- 

'^^     / 

r\f..i....> ",-        v'       1 

*  -V 

1 

Wt-   ^\^ 

'           , '      '     ' 

,/; 

J    {     /'   .•'■  /\ 

-'S, 

v^ 

.  '^  / .'' 

/■              ,'  '. ' 

Y»""  »* 

^  ...4  ^,'' 

,' 

( 

•  ~c: 

i  p 

1     , 

I 

if        '-',■ 

'"    ',              'A              I       ^ 

% 

•'I'  '' 

,             ;\  ^- 

\                        ^Fort  a..l]p             /    ^  ^                r                 ,                   ^ 

\  •*' 

■■ 

ji^  -'  , 

A^i  Siiu  MU      \ 

'  J(      *      z 

"■•'•=) 

^-i  \ 

t 

^'         r' 

<^ 

mtalli  Mu            y)      ( 

'     I      '     \ 

-    '',       / 

S^.      ;' 

\ 

. — - 

^ 

1   -A  N 

<"  -^  ^- 

1 

)-         --7 

f^iN 

/ 

^'                   »^--^ 

V-    ^-j.=;- 

--    i       r 

s  ■■'  - 

-  ■*.\tj 

^/ 

'           */^ 

V- <, 

•     *       \ 

r"       ^              |o  Hail'lll* 

' 

"^ 

'C^^'^'     - 

/ 

I 

':  '-  ■  ^ 

/A  ; ; 

'            ''                 1 

,■ 

s 

:^      .'     - 

'\ • 

•■'  V'  "^ 

]       .'          ^           i 

/  . 

'^-— --'^ 

^             ^"^"v^^ 

'n     II 

-Y    - 

i,M.:?''r'"""r     V        ^ 

1    ; 

^  *fy 

/      T 

( 

'''      f  \                 ^     V'' 

,■ 

1          f    --' 

Zz-'-^ 

<p 

Y„u'»  »tri4A\                          <|^/~N.        />, 

(  \  ~~b.-;...«h: 

/  /-- 

pA' 

-  -        Ny                  ..,>Ot^   A,o 

™i>ui.  V        ', 

L-'^'    -'" 

--  -'"■ - 

--,.  «T  ^^; 

---^'Vou.        ^3^H..,._,'-     " 

Av  1/ 

K     ^. 

:;t:^^^^— x^_ 

------- 

//' 

<"                        /" 

■y\ 

»• 

1-, 

T~^ 

J 

U  ^^ 

■*~ 

"\- 

V 

"^  cx 

'■"  ^  rffc; 

k^/y 

""sj 

1^'^ 

^^ 

<1^^, 

,^^/p^  r/cra* 

- 

r 

1- 

tii: 1 

*•■ 

'"•''^•* 

*°      1  /      '■•               ^ 

—  79  — 

to  the  eastward  where  the  spurs,  hills  and  outlying  ridges  of  the  great 
Central  African  plateau  rise  to  heights  of  2o00  metres  and  in  some 
cases  even  more,  in  which  rise  streams,  some  of  which  turn  to  the 
south  and  west  to  join  the  Asua,  ^vhilc  others  flow  northwards  and 
finally  lose  themselves  in  the  plains  east  of  Bor  which  in  the  rains 
become  swamj)s  and  flooded  depressions. 

The  structure  of  this  area  is  but  little  known  since  the  hilly  parts 
where  it  can  best  be  studied  arc  still  among  the  least  explored  parts  of 
the  Nile  Basin.  From  Emin  Pasha's  descriptions  of  the  Latuka  and 
other  hills  east  of  the  Jiahr  el  Jebel  they  seem  to  consist  principally  of 
granitoid  gneiss  with  occurrences  of  crj'stalline  schists  and  by  the 
parallelism  of  the  ranges  it  would  appear  that  the  same  systems  of 
faulting  occur  here  as  have  been  described  in  the  previous  chapter; 
the  NW.  to  SE.  direction  is  especially  well  marked.  From  the  decom- 
position of  this  granitoid  gneiss  a  sandy  latcrite  has  been  formed  and 
its  red  ferruginous  character  is  noticeable  in  the  surface  depo.sits  almost 
everywhere  in  the  southei'n  part  of  the  basin.  In  the  northern  part 
rivers  have  laid  down  a  gentlv  slo])ing  flood  ])lain  of  their  finer  sediment 
where  there  are  swamp)-  depressions  in  the  midst  of  vast  arid  plains  in 
the  dry  season,  while  during  the  rains  a  great  part  of  the  area  is  under 
water. 

As  a  result  of  this  structure  we  find  in  the  southern  jiortion  steep 
slopes,  and  torrents  with  I'ocky  beds,  \\'hich  rise  in  flood  after  a  few 
hours  rain  and  then  ([uickl}-  fall,  while  sluggish  streams  flowing  at  a 
nearly  constant  level,  and  swamps  filled  with  reeds,  grass  and  papyrus 
occupy  the  valleys  of  the  northei-n  j)art. 

Tn  about  hit.  2'^  12'  N.  the  Bahr  el  Jelxd  leaves  the  Albert  Lake  (700 
metres)  at  a  point  which  adjoins  the  mouth  of  the  Victoria  Nile,  and 
from  here  to  the  mouth  of  the  Sobat  Kiver,  a  distance  of  1280  kilo- 
metres, presents  two  distinct  types,  the  one,  a  river  of  low  slojx'  and 
ft'cble  velocity,  the  other,  reaches  of  rocky  bed  with  numerous  i-apids, 
where  navigation  is  impossible. 

At  the  ])oint  when;  the  Bahr  el  dcliel'  leaves  the  Albert  lake  it  is 
really  an  arm  of  the  lake  and  continues  to  be  of  this  character  for  some 
distance;  indeed  for  the  216  kilometres  from  the  Albert  laketoNinmle 
the  ri\er  has  the  same  character,  flowing  with  a  feeble  velocity  except 
where  the  channel  is  narrowed  as  at  Wadelai,  at  times  opening  out  into 
lake- like  reaches  from  one  to  five  kilometres  wide.  The  depth  is 
usuallv  from  4  to  (!  metres.      The  niouutaitis  which  formed  the  western 


'  For  detailed  description  see  Report  on  the  Upper  Nile,  p.  91, 


—  t<,0  — 

shore  of  the  Albert  lake  fall  hack  from  tiie  line  of  the  river,  and  the 
Avuter.shed  between  the  Nile  and  Coiig'o  ba^iins  is  some  (iO  kilometres  to 
the  west ;  this  ridge  sends  off  as  a  branch  to  the  north-east  a  jilateau 
of  high  land  which  terminates  in  Jeljel  Otze  (1G50  metres)  close  to 
Nimnle.  On  the  right  bank  lies  a  hilly  country  much  cut  up  by 
streams  and  rivers,  where  the  general  altitude  of  the  main  ridges  is 
about  1200-i;^00  metres;  these  main  ridges  run  in  two  princijtal  direc- 
tions apjiroximately  NE.  to  SW.andNW.  to  SE.  and  a  similar  arrange- 
ment may  be  noticed  in  the  reaches  of  the  Bahr  el  Jebel  ami  in  the 
tril)utars'  streams.  These  directions  have  already  been  mentioned  as 
predominant  on  the  nortiiern  shore  of  lake  \  ictoria  and  doubtless  are 
due  to  the  main  direction  along  which  movements  of  elevation  or  folding 
have  tJiken  })lace  at  some  period,  or  intrusions  of  harder  rocks  have 
occurred,  so  that  unecjual  erosion  has  left  in  relief  ridges  which  now 
separate  the  stream  basins.  No  geological  study  of  this  region  has  yet 
furnished  proofs  of  this,  though  10  kilometres  to  the  south  of  Gondokoro 
compact  black  dolerite  dykes  cross  the  country  cutting  through  a  well- 
banded  quartz-biotite  gneiss'  from  SW.  to  XE.  and  forming  ridges 
where  the  rock  of  the  d3'kes  -weathers  to  irregular  blocks  like  the  ruins 
of  rubble  w^alls,  while  the  depressions  are  filled  with  a  sandy  clay  over 
which  streams  flow  in  the  rains,  and  where  swamps  lie  in  the  drier  season. 

Throughout  this  lake  reach  the  tributaries,  few  and  unimportant, 
come  in  on  the  right  bank,  except  a  few  khors  which  drain  from  the 
western  hills  ;  the  principal  ones  are  the  Achwa  and  the  Umi  near 
Wadelai  and  the  Tete  opposite  Dufile. 

The  altitude  of  Nimule  has  usually  been  taken  as  610  metres  above 
the  sea  which  woidd  give  a  difference  of  level  between  this  point  and 
lake  Albert  of  90  metres  cori'esponding  to  a  slope  of  I  in  'J'dUO  which 
is  much  steeper  than  can  be  the  case  for  these  wide  slowly  flowing 
reaches.  It  appears  jirobable  that  about  ()85  metres  would  be  nearer 
the  true  altitude. " 

From  this  point  the  river  changes  its  character,  turning  to  the  north- 
west and  after  flowin"-  for  about  SO  kilometres  to  the  north  rejicliinjj 
Gondokoro  at  395  kilometres  from  the  lake  and  180  from  Nimule. 
This  distance  is  occupied  by  a  series  of  cataracts  and  rapids  over  which 
the  river  rushes  usually  in  a  naiTrow  channel.  Tlie  principal  rapids 
are  those  of  Fola,  Yerbora,  Gugi,  Makedo  and  Beden;'*  soon  after  the 
last  of  these  the  river  as  a  fine  stream,  400  to  500  metres  wide,  and 

»  Determined  by  Dr.  W.  F.  Hume. 

'  See  p.  71  footnote. 

3  For  detailed  description  see  Report  on  Upt>er  Nile.  p.  98-107. 
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flowing  strongly,  enters  the  plain  tract  and  meanders  with  rapidly 
diminishing  volume  through  its  valley  to  Lake  No  where  it  meets 
the  Balir  ol  Ghazal  to  form  the  White  Nile.  After  Gondokoro  there  are 
no  more  rapids  since  the  river  flows  tln-ough  an  alluvial  plain  ;  and  this 
long  reach  of  rapids  to  the  south  is  due  to  the  river  ilescendiiig  from  the 
plateau  foi'ined  by  the  gneiss  and  other  rocks  to  the  lower  alluvial  flood 
plains  on  the  north.  The  country  to  the  east  of  this  part  of  the  river  may 
be  described  as  a  plateau  some  900  metres  above  sea  level  which  slopes 
northward  at  first  gently,  then  more  steeply  as  the  hill  spurs  merge 
themselves  in  the  level  plains  east  of  Gondokoro.  The  central  hill  mass 
is  that  of  Agoro  which  extends  some  70  kilometres  from  south-cast  to 
north-west  and  40  kilometres  from  south-west  to  north-east;  it  is  situated 
SO  kilometres  east  of  Nimule  and  has  a  general  altitude  of  2100  metres 
while  the  principal  peak  exceeds  3000  metres.  Further  east  other  hills 
Egadang  and  Harogo  2.S00  metres,  Lonvili  2500  metres,  Nangani  22O0 
metres,  the  Karamojo  plateau  and  many  others  stand  as  witnesses  of  the 
former  extension  of  the  Central  Africiin  [)lateau  of  crystalline  rocks' 
wliicli  has  been  cut  up  into  detached  masses  by  stream  erosion,  and  whose 
materials  are  now  spread  far  and  wide  over  the  plains  to  the  north. 
The  same  SE.  to  NW.  direction  is  seen  among  the  valleys  and  spurs 
as  occurred  further  south.  The  distanoe  of  the  higher  parts  of  the 
hills  from  the  river  gives  moderately  long  courses  to  the  different 
tributaries  which  come  in  on  the  right  bank  but  they  rise  at  a  consid- 
erable altitude  and  ha^•ing  a  steep  sloj^e  many  of  them  furnish  a  large 
supply  of  water  in  the  rainy  sea.son  ;  the  principal  of  these  are  the 
Asua  and  the  Atappi,  the  Umi,  the  Karpetu,  and  the  Kit  or  (Tumuru, 
so  that  to  these  the  flood  of  the  Bahr  el  Jel)el  is  due,  and  the  rapid 
variations  in  the  water  level  at  Gondokoro  are  Ciiused  b}-  the  rise  and 
fall  of  these  streams. 

On  the  west  side  of  the  river  the  hills  rise  steeply  to  a  height  of 
1200  metres,  so  that  with  the  exception  of  one  stream,  the  Khor  Avu 
which  has  cut  its  way  through  from  the  west  near  Lahore,  the  streams 
have  but  a  short  course  and  doubtless  carry  a  small  volume.  Behind 
this  ridge  the  country  for  about  150  kilometres  is  unexplored  but  from 
the  way  the  streams  to  the  north  and  west  of  it  flow,  it  must  be  a  high 
plateau  probably  some  1500  to  IGOO  metres  above  the  sea  crowned  with 
higher  summits  ;  it  is,  in  fact,  a  detached  portion  of  the  eastern  plateuu 
through  which  the  Nile  has  cut  its  way  probably  following  a  line  of 
faulting.  On  the  western  side  of  this  plateixu  the  river  Yei  tsikes  its 
rise,  aud  flowing  north  finally  empties  what  is  left  of  its  waters,  after 

1  Macdonald,  Geog.  Jour.,  August,  1899,  p.  144  and  I.  D.  W.  0.  Map.  Xo.  1429. 
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passing  through  its  own  marshes,  into  the  valley  of  the  Bahr  el  Jebel 
near  Ghaba  Shambe. 

Since  in  this  npper  400  kilometres  the  Bahr  el  Jebel  traverses  that  part 
of  its  basin  which  supplies  the  river,  in  distinction  from  the  reiiuiining 
700  kilometres,  in  which  some  50  cent,  of  the  volume  whicli  passes 
Gondokoro  is  lost  by  evaporation  and  absorption  in  the  swamps,  it  will 
be  convenient  to  treat  this  portion  separately  from  the  northern  part,  the 
more  so  as  the  climatic  conditions  of  the  two  districts  are  fairlv  distinct. 

Southern  portion  of  the  Bahr  el  Jebel. — The  climate  of  the 
southern  part  of  the  basin  is  well  represented  by  the  observations  tjiken 
at  five  stations,  all  of  which  are  situated  on  the  river: — 

Place  Period 

Moii<raIl;i     ...         Coiniiiciiceil  April  I'.M).'i. 

Liido    ( )lisfi-\ati(>ns  r(^:i(ir(le(l  For  1  yciiiranil  7  inontlis  only. 

Gondokoro...  Mean  Novcnihcr  I'.Ki;!.  Maxiniiini  .Tainiarv  I'.'Ol.  Minininin 

May  r.KU,  Humidity  NovoiiiIkt  VMli. 
Niniule       ...         Connnenced  January  1".U)4. 
Wadelai      ...  .,  Novenihcr  I'.tOl. 

The  mean  values  np  to  December  1904  are  given  in  the  following 
tal)lcs,  which  thougii  they  are  derived  from  a  few  years  only,  are 
jirobably  accurate  to  withinasmall  mnount  shice  the  differences  between 
the  hottest  and  coolest  months  is  but  5°,  and  the  daily  range  for  the 
greater  part  of  the  year  does  not  exceed  13°  C 


Mi:an 

TkMI'EK.UTKE  ( 

CEXTItlli.VDE). 

I'LACE 

.Jan. 

Feb. 

Mar. 

April 

May 

.luni' 

.lulv 

24-7 

.\n;.'. 

S,.|,t. 

Oct. 

N(.v. 

Dec. 

YEAK 

Mon^ialla    . . 

1 

27*S  2(;-.") 

2r,-f< 

2C.-.-) 

2("iMI 

2r>-(; 

24-8 

2r)'cS 

2t;-i 

27-2 

27-0 

2i;-2 

Lado  . . 

2«-i  :iil-2 

;!(»•( ) 

2cS'lt 

27-4 

2i;-2 

2.V.') 

2.V2 

2;V;i 

2.V(; 

20 -J 

27-0 

27-(l 

Gondokoro.. 

:.'.s-l  2^i'l 

2C.M 

2.5  •:$ 

2.')-.S 

2.") -4 

24-1 

2;i-7 

2(;-4 

21; -4 

27M) 

27MI 

2(;m) 

Ninuile 

27-82S-i> 

24-4 

24- ;5 

24--) 

24-0 

2;{-(; 

2;5-4 

2:5  T) 

22  •;5 

■)•-)••> 

22-8 

24-2 

Wadelai     . . 

27-027-f) 

2G-G 

2G'{) 

25-8 

2.5-4 

25-1 

23-8 

24-0 

25-4 

■2G'-2 

2Crr> 

2:)-f^ 

:\Ie.\k  m. 

VXIMUM  TEJU'Elt.YTUKE. 

Place 

.Ian. 

Feb. 

Mar. 

.\pril 

Mav 

.Iiinc- 

.Tuly 

Aug. 

Sept. 

o.t. 

Xov. 

Dec. 

YEAR 

Mon^jralla   . . 

;57-7 

3/)-/) 

.•52 -4 

;!()-4 

311-4 

31  -3 

;!0-i 

;5()-.-) 

33-8 

.34-0 

:',')•  2 

37-2 

33-2 

(iondokoro.. 

;iT".i 

;?t;-2 

■.v,-i 

.v.- 7 

;i2-."> 

.32-(> 

.32-1 

31-1 

33-2 

33- C 

.34-0 

.34-3 

33 -(5 

Ninnile  1!»04 

;}7-7 

an-n 

;i4-8 

;54-;5 

32-:) 

31-7 

31) -1 

31-1 

33-3 

.33-4 

33-4 

33-8 

.33- (1 

Wadelai     .. 

:i'j-o 

.•{.'J -8 

;}2-i 

31-8 

31-4 

31-4 

30-3 

2'J-8 

31-1 

31 -G 

;{2-i 

33 -.5 

32 -U 

— 
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Mean  Miximcm  Temperature. 

Place 

Jan. 

Feb. 

20-1 

Mar. 

22-4 

April 

22-8 

May 

22'2 

.Tune 

.July 

Aug. 

•Sept. 

OH. 

Xov. 

Dec. 

19-4 

Yeak 

Monjralla  . 

19-1 

21-0 

2()'2 

20-2 

21-3 

20-C 

20 -5 

20-8 

(iondokoro 

•  • 

■  • 

•  • 

24 -S 

17-1 

i(;-3 

J9-4 

]9-9 

19  m; 

2(l-() 

18-1 

[19-41 

Xiinule    . . 

17-S 

22-:i 

19-3 

17-0 

20-4 

19-3 

LS-G 

18-0 

18-1 

18-2 

It; -8 

15-1 

18-5 

Wailelai  . . 

19-0 

21-3 

21MI 

20-3 

20-3 

19-5 

19-S 

18-7 

18-4 

19 -(J 

20-2 

19 -G 

19-8 

Mean  Daily  Range. 


Place 


Moncralla   . 
( iondokoro. 
Xiniulo 
Wadi'lai     . 


Jan. 

Feb. 

Mar. 

10-0 

April 

7-6 

May 

8-2 

7*7 

12-1 

11-1 

June 

10-3 
14-9 
12-4 
11-9 

July 

9-9 

l.T-8 
U-.i 
lo-.i 

Aug. 

10-3 
11-7 
12-5 
11-1 

.•^ept. 

Oct. 

Xov.     Dec. 

14-7  17-8 
14*0  1G*2 

18-G 

15-4 

12 -.5 
13-3 
J.v2 
12-7 

13-4 
14 -U 
1.5-2 
12-0 

19-9 

ic-o 

14-6 
12-5 

15  T) 

11-1 

lG-7 
11-.5 

IG-G  18*7 
11'9  13-9 

12-4 

l.Vl 
12-2 


Mean  Relative  Humidity. 


Place 

Jan. 

r>2 

Feb. 
.')7 

Mar. 

April 

May 

79 

June 

89 

July 

Aug. 

Sept. 

Oct. 

Nov. 
73 

Dec. 

G.5 

YEAR 

Mongalla   . . 

7(1 

74 

89 

91 

m 

82 

7.5 

(iondokoro  7a.iii. 

G(l 

(17 

84 

8.5 

89 

8G 

91 

91 

86 

90 

87 

7G 

83 

Niniulc   7i".iii. 

71 

C,C> 

92 

92 

91 

92 

94 

9G 

90 

91 

90 

8G 

88 

Wadelai  Ja."'- 

47 

"i 

r.t; 

7.5 

74 

<oio 

82 

7G 

7G 

84 

82 

72 

71 

Rainfall  in  Millimetres. 
Wadelai.        Lat.  2°  45'  N.    Long.  29°  4'  E. 


Date 

.Ian. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

128 

.Sept. 

Oct. 

Nov. 

G3 

Dec. 
30 

Ye.vr 

1885 

G9 

143 

188(5 

G8 

34 

114 

43 

io9 

51 

112 

1011 

101 

7G 

228 

21 

io(;g 

1887 

39 

3 

214 

83 

115 

(w 

55 

145 

128 

128 

•)•> 

38 

10.37 

1888 

3 

32 

.59 

m; 

l.-'.G 

125 

147 

110 

71 

.301 

49 

30 

1179 

1902 

..V 

•  • 

io;{ 

140 

127 

79 

97 

(-.8 

i(;o 

212 

191 

31 

[1208] 

1903 

25 

1) 

119 

97 

124 

201 

81 

100 

125 

194 

(■)(■) 

10 

1112 

1904 

10 

3(; 

US 

145 

118 

.59 

122 

144 

i;ii 

1.38 

199 

IS 

IKh 

1905 

2.3 

,s 

49 

.).) 

137 
124 

.•{0 

87 

7r, 

132 
117 

98 
102 

153 
iG8 

97 

0 

858 

Mean. . 

28 

19 

111 

97 

114 

22 

1(188 

—  ,S4  — 
Nimule.        Lat.  3  37'  N.        Loxcj.  32"  8'  E. 


1>ATK 

.liin. 

Feb. 

0 

s 

Mar. 

April 

Jlay 

Juilf 

July 

Aug. 

'.•<s 
1411 

Sept. 

13.S 
lOS 

o.t. 

123 

1114 

Nov. 
127 

is;! 

Dec. 

Yeak 

i;)04 
I'.m 

0 
0 

141 

42 

4<S 

5(; 

24 
204 

Ifil 

.SI 

122 

3,S 
42 

iit;4 

IKW 

Mt'uii. . 

•) 

4 

'.•2 

52 

144 

52 

124 

123 

1511 

155 

4(1 

101  ;s 

Gondokoro.         Lat.  4"  54'  15"  i\.        Lonc.  31"  4(i'  4"  E. 


Hati: 

•Ian. 

Fib. 

.Mar. 

ss 

April 
,S3 

May 
If.l 

Juiif 

l.i2 

.luly 

.\ui;. 

.S.-pt. 

Ort. 

Niiv. 

]),r. 

Vkau 

moi 

20 

4 

(;5 

it.s 

10 

73 

114 

0 

S7.S 

11102 

0 

1 

ti4 

IOC, 

113 

loi; 

1  .'.i 

77 

310 

211* 

5.S 

2.3 

120.S 

11103 

0 

0 

13 

112 

234 

143 

2.V.> 

141) 

104 

1(;4 

4 

1 

iii;3 

11104 

1 

.•'.2 

105 

711 

J 113 

57 

102 

IIM) 

103 

ir.i 

.32 

0 

10111 

11 105 

1 

7 

3 

45 

14,S 

IM 

104 

233 

155 

147 

(12 

0 

I'liit 

Mean. . 

4 

1) 

55 

.SI 

170 

lot; 

132 

Mil 

142 

144 

54 

i; 

10.52 

Mongalla.        Lat.  5"'  11'  58"  N.        Long.  31°  4(;'  42"  E. 


Date 

.Ian. 

F.-b. 

Mar. 
110 

April 

M.iy 

.June 

.luly 

Antr. 

2.3(; 
154 

1.58 

Sept. 

811 

71 

175 

Oct. 

127 

it;o 

131) 

Nov. 

3 

11 

111) 

44 

Dec. 

0 
11 

4 

Year 

11103 
11104 
11 105 

0 
.") 

2 

"21 

.3 

111 

,s;', 
14.3 

no 

i;!o 

i;4 

2111 
112 

HI 

1.30 
411 

[1(H)5] 
1112 
1141 

Mean . . 

12 

5t; 

112 

115 

141 

72 

1.S3 

112 

142 

5 

i)7(; 

Ghaba  Shambe.         L.vr.  7   (3'  44"  N.        Lung.  30  AG'  31"  E. 


liATi; 

.Jan. 

(1 
0 

Feb. 

Mar. 

.A|pril 

May 

.J 

.luly 

Aug. 

•  • 

112 

88 

Sept. 

O.'t. 

Nov. 

l).-c. 

Yeau 

11)0.3 
11104 
IIM15 

2 

0 

•    • 

1 
0 

24 

12 

i(")2 

53 

'21) 
54 

120 

88 

88 

232 

11) 

4t; 

t;.s 

0 

3 

20 

0 
0 
■> 

IliO 

(;4it 

Moan.. 

0 

1 

1 

18 

7.S 

12 

8i; 

100 

13(1 

44 

,s 

1 

514 

.S.)   — 


Mean  Moxthly  Raikfali,  ik  Millimetkes. 


Place 

.laii. 
•> 

Feb. 

Mar. 

April 
112 

May 

June 

July 

Aug. 

Sept. 

Oit. 
142 

Nov. 
44 

De<-. 

YEAR 

Monoialla   • . 

\i 

'.)") 

141 

72 

18;3 

112 

5 

070 

I.ado  . .      . . 

II 

0 

27 

i;3r, 

.S7 

151 

21.S 

12'.t 

12:5 

o7 

20 

2 

1150 

(lonilokoro  . 

4 

11 

T)-) 

81 

170 

lot; 

i;52 

1411 

142 

144 

54 

i; 

1052 

Xiimilc 

■> 

4 

1)2 

->•> 

144 

'>2 

122 

124 

i2;j 

lol) 

155 

40 

IOIkS 

Wadelai     . . 

2.S 

i:i 

111 

97 

124 

S7 

'.>;' 

117 

102 

ICS 

114 

22 

KISS 

"Winds. — PERCENT.\(iE  FREyiExcY.  Lado 


Month 


Jamiarv  . 
FcliruMi'v 
Marcli    ■. 
April 
May..      . 
June 
July..      . 
Auuu.st    . 
Si']it('iiil)ei 
October   . 
Noveinlier 
DccenilxT 


Year 


ISSO 
80, S4 
84 
80,8:5,84 

so'k"! 

80,8;! 
81,82 
81,82 
81,82 
81,82 
81, 82 


X 

XE 

E 

SE 

s 

s\v 

\v 

xw 

25 

20 

32 

0 

0 

0 

0 

7 

8 

It; 

5 

11 

6 

7 

1 

:\ 

13 

11 

37 

6 

k; 

0 

(1 

1; 

15 

25 

10 

7 

(1 

(1 

•) 

8 

27 

13 

7 

0 

II 

0 

9 

20 

17 

10 

0 

i» 

4 

12 

18 

11 

20 

0 

0 

II 

4 

14 

23 

12 

14 

0 

0 

1 

11 

25 

13 

9 

9 

9 

3 

•) 

15 

13 

14 

4 

41 

•> 

21 

8 

12 

10 

3 

0 

2 

2 

2:5 

13 

11; 

4 

0 

0 

0 

0 

Calm 


22 

;i7 
11 

3i; 

42 

50 
37 
33 
30 
4(; 
42 
44 


On  the  higliei-  part  o£  the  ejxsteni  plateau  the  teini)erature  is  of 
course  lower  and  the  ran>fe  greater,  while  the  rainfall  is  certainly 
heavier  thouuh  no  observation.s  of  any  kind  exist.  The  irregular  rises 
of  the  river  at  Groiidokoro,  which  commence  as  early  as  May,  each  one 
lasting  foi-  only  one  or  two  days  as  a  rule,  are  due  to  rain-storms  in 
the  eastern  hills  in  the  basin  of  the  Asua  or  the  Kit  rivers.  As  the 
rainy  season  progresses  the  rivers  rise  but  throughout  the  rainy  season 
there  are  sudden  rises  and  falls  of  the  water  level  due  to  the  combined 
effect  of  rain  occuring  in  heavy  storms  rather  than  as  long-continued 
rain,  and  the  high  altitude  of  the  sources  of  the  rivers  and  the  comjiar- 
ative  shortness  of  their  courses,  which  cause  the  Hood  wave  to  pass  with 
great  rapidity  to  the  main  river. 

Probably  the  mean  annual  rainfall  in  the  hills  to  the  east  of  the 
IJahr  el  .Icbel  may  be  estimated  as  amounting  to  1400-1.500  mm. 

The  \\in(ls  at  Lado  show  the  seiV.-;onal  change  from  being  northerly 
in  the  dry  season  to  southerly  in  the  rains,  and  the  same  reversal  is 


1  l'(.t.  Mitt.  Erpli.  93,  p.  79. 
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seen  at  Mongalla,  Gondokoro  and  Wadelai  where  the  series  of  obser- 
vations are  shorter,  as  well  as  in  Junker's  observations  in  tiie  Bahr  el 
Ghazal  province.  ^ 

Percentage    Frequency    (u     Winds. 

Wdili'hti  lf)04  (7  a.m.  iiml  2  p.m.). 


JIONTH 

N 

XF, 

e 

SK 

s 

sw 

w 

xw 

Cai.m 

January 

1 

FeV)ruarv    . . 

f 

no   oDsei-yations 

Miin-h  . .      . . 

,5:5 

'] 

2 
42 

0            2           0 
0            3            3 

s 
(1 

0 
.3 

4 

0 

A,.ril    ..      .. 

42 

May     . .      . . 

no  observations 

June     .. 

olis 

Tvations  1st  —  (itii  all  E. 

July     ..      .. 

;> 

0 

7(1 

10 

5 

10 

II 

0 

August  . 

S 

0 

.s:i 

0 

3 

0 

II 

II 

September  . . 

0 

(1 

1(M» 

0 

0 

0 

II 

0 

October. 

0 

(1 

1(H» 

(1 

0 

0 

0 

0 

Noveinber  . . 

(1 

II 

KXI 

0 

0 

II 

0 

0 

December  . . 

0 

(1 

]()() 

0 

II 

I) 

1) 

I) 

I'KltCEXTAr.E    P^KKgUEXCY    OF    WiNIIS. 
Monf/alla,  .June   lOOo  —    Jh'cemher  1904,  8  a.m.,  2  p.m.,  8  p.m. 


Month 

X 

XE 

E 

SE 

s 

s\v 

w 

NW 

Calm 

January 

3 

(1 

0 

II 

II 

II 

0 

II 

'.•7 

Fei)ruary    . . 

25 

II 

:i 

(1 

1 

0 

5 

II 

i;u 

Jlarcii . . 

111 

II 

2:1 

1 

3.S 

0 

10 

0 

3 

Aj.ril    ..      .. 
Uay     . .      . . 

2 

(1 

u; 

3 

40 

3 

5 

II 

31 

12 

II 

20 

2 

37 

II 

17 

1 

11 

June     .. 

4 

•1 

I'.t 

;i 

34 

4 

18 

0 

;i 

July     ..      .. 

17 

0 

13 

10 

34 

li 

10 

3 

7 

August  . 

27 

,s 

s 

(1 

211 

(i 

17 

•> 

I'l 

September  . . 

17 

12 

11 

."> 

IS 

2 

12 

I) 

23 

Otober.      .. 

2(; 

14 

(■> 

:> 

9> 

i; 

S 

•> 

11 

November  . . 

2.S 

lit 

20 

■? 

•1 

0 

1 

1 

27 

December  . . 

(52 

24 

1 

1) 

I) 

0 

0 

0 

13 

The  Wadelai  and  Mongalla  observations  cover  too  short  a  period  to 
be  taken  as  truly  representative  and  local  conditions  at  the  former  place 
may  affect  the  results  which  show  a  \ery  marked  prevalence  of  easterly 
winds.  Still  the  Mongalla  observations  show  an  easterly  deflection  of 
the  wind  in  the  summer  months  and  perhaps  this  may  jirove  to  be 
due  to  the  distribution  of  atmospheric  pressure  to  the  west  and  north- 
west.    The  weathering  of  the  mortar  at  the  house  corners  in  Lado 


Pet.  Mitt.  Erganv.ungsheft,  92,  93. 
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shows  that  E.  and  NE.  are  the  most  usual  directions  of  the  wind  in 
the  rainstorms  of  the  rainy  season  and  the  same  has  hecn  reported 
from  Renk,  a  station  on  the  AVhite  Nile. 

Hydrography. — As  has  been  said,  this  upper  reach  supplies 
practically  all  thi'  water  of  the  Bahr  el  Jebel  except  the  rain  that  falls 
in  the  northern  part  of  the  valley,  and  what  may  drain  into  it  from 
the  swampy  channels  of  the  Yei  and  one  or  two  other  streams.  Thus 
the  Albert  lake  and  the  few  streams  which  join  the  Bahr  el  Jebel  above 
Wadelui  furnish  from  .500  to  1000  cubic  metres  per  second  according 
to  the  level  of  the  lake,  and  the  discharge  varies  slowly,  the  gauge  at 
Wadelai  seldom  varying  as  nuich  as  0"25  metre  in  a  month,  and  usually 
not  more  than  0"10  metre.  (Plate  X.). 

At  this  point  the  lake  completely  governs  the  river  level  and  the 
fact  that  at  Xinuile  the  river  was  low  in  1898  and  contiiuied  falling 
in  1899,  1900  and  1901  '  shows  that  the  Albert  lake  was  also  falling, 
and  thus  was  acting  similarly  to  the  A'ictoria  lake  (see  Plate  YI.). 

Below  Wadelai  however  the  river  has  a  much  more  pronounced 
variability  on  account  of  the  volume  suj)plied  by  the  Asua  river  and 
the  other  tributaries.  Of  these  the  Asua  is  the  most  inqujrtant;  it  rises 
in  the  Dodosi  hills  in  lat.  3°  30'  N.  while  other  tributaries  drain  from 
the  Karamojo  hills  on  the  east  and  from  the  south  and  west  sides  of 
the  Agoro  rano;e  to  the  west,  at  altitudes  of  about  l.")00  to  :?000  metres 
above  sea  level.  This  region  has  May  to  October  rains  and,  while  the 
eastern  tributaries  have  a  considerable  length  and  so  furnish  a  regular 
supply  of  water,  others,  such  as  the  Khor  Bagger  and  the  Okomo,  are 
Muich  shorter  and  steeper  in  their  slope  and  nuist  vary  greatly  in  the 
volume  the}'  discharge. 

-Macdonald "  rejiched  Gule  on  August  21,  189.")  having  crossed  iiianv 
of  the  tributary  streams  of  the  Asua  nci^r  their  sources  and  notes  that 
at  this  time  they  were  all  flowing  streams,  though  those  further  south 
were  dry,  the  principal  stream  the  Akingo  having  near  its  junction 
with  the  Asua  a  width  of  40  to  oO  metres  with  well-defined  cla\-  banks. 
He  notes  that  the  western  edge  of  the  Karamojo  plateau  is  well  watered 
l)Ut  the  plateau  itself  is  dry  ;  this  appears  to  be  about  the  limit  where 
the  two  raiiiv  seasons  of  the  lake  i)lateau  mertje  into  the  sing-le  rainv 
season  of  the  Sudan. 

The  course  of  the  Asua  has  not  been  surveyed  so  that  any  estimate 


'  Delme  Radcliffe,  Geog.  .Tour.,  Xciv.  \W)'\  p.  4Sl. 
-  Ueog.  Ji)Ur.,  Aug.,  IS'jy. 
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of  its  length  is  only  ap])roxiniate ;  by  measurements  on  a  recent  map ' 
the  lenj^th  from  the  Dodosi  hills  to  its  junction  with  the  liahr  el  Jebcl 
is  about  100  kilometres.  It  has  been  crossed  at  sevei'al  points ;  Eniin 
I*aslia°  crossed  it  near  Fatiko  about  75  kilometres  from  tlie  mouth  in 
the  autumn  of  l.SSO  and  found  it  40  metres  wide,  rajjid,  and  more  than 
a  metre  deej).  Close  to  the  villa<i,-e  of  Odiri  some  1  ">  kilometres  from 
the  junction  with  the  Nile  he  found  it  in  ISSd'  -JC,  metres  wide  and 
one  metre  deep;  banks  of  coarse  sand  l)ordered  the  stream  aiid  large 
boulders  were  connnon  :  the  banks  were  2  to  8  metres  hi<rh.  Baker '' 
describes  it  as  being  110  metres  wide  O'Z.i  metre  deep  witli  a  maxinunn 
rise  in  flood  of  4  metres.  One  of  its  larger  tributaries  is  the  Khor 
Bagger  which  Emin  describes  near  the  junction  as  alxmt  12  metres 
wide,  l-r>  metres  deep  rushing  over  iiatches  of  sand  and  slabs  of  mica 
schist;^  at  another  point  about  80  kilometres  higher  up  it  was  in 
the  autumn  of  LSSO  20  metres  wide,  flowing  rapidly  about  a  metre 
deep  with  flood  marks  two  nictres  higher  and  between  banks  more 
than  8  metres  high.  The  Khor  Atappi  ''  which  meets  the  Asua  close 
to  the  Bahr  el  -lebel  is  also  an  important  tributary  being  some  12  metres 
wide  and  nearly  2  metres  deep  at  a  point  15  kilometres  up-stream. 
Tlie  Kit  or  Gumuru  which  rises  on  the  west(!rn  slopes  of  the  Agoro 
range  must  also  bring  in  a  large  amount  of  water. 

Thus  besides  the  regular  supply  which  ])asses  down  the  Bahr-el- 
Jebel  from  lake  Albert  and  varies  very  gradually  as  shown  by  the 
Wadelai  gauge,  there  is  the  variable  supply  received  from  the  east 
bank  tril)utaries  during  the  rainy  season.  On  the  belt  of  high  and 
hilly  country  between  Wadelai  and  the  Karamojo  plateau  the  rainy 
season  consists  of  a  maximum  in  Ma}'  and  June  and  another  in  August 
and  September  sejmrated  by  an  intervening  period  during  which  the 
rains  moderate  to  some  extent.  The  mean  values  of  tli('  rainfall  are 
derived  from  too  few  years  of  observations  to  show  this  very  clearly, 
but  the  unanimous  testimony  of  travellers  and  of  those  residing  at 
stiitions  in  this  part  of  the  Bahr  el  Jebel  confirm  it;  it  is  also  the  natural 
consequence  of  its  geographical  position  between  the  lake  plateau  witli 
two  rainy  seasons  and  an  intervening  dry  .season  in  July  and  August, 
and  one  rainy  season  from  June  to  September.  The  effect  of  this  is 
well  shown  by  the  readings  of  the  Gondokoro  gauge  ;  sharp  rises  and 

t  I.  D.  W.  0.  No.  1429,  1S99. 

'  Emin  P;isha  in  Central  Africa  p.  275. 

5  Loc.  cit.  p.  2G3. 

*  Ismailia  II,  p.  70. 
s  Loc.  cit.  p.  24fi. 

6  Loc.  cit.  p.  2.5.5  and  2C2. 
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falls  record  sudden  variations  in  the  volume  of  water  passing  Gondo- 
koro  due  to  floods  coming  down  the  eastern  trihutiiries.  Tliese  are 
most  numerous  in  May  and  June  and  in  August  and  September,  while 
in  July  when  the  rain-storms  diminish  somewhat,  the  variations  are 
much  less,  hut  the  heavy  rainfall  having  replenished  all  the  springs, 
IK)  considenihle  decrease  in  the  river  volume  takes  place  (see  Plate  X.)- 

The  volume  discharged  at  Wadelai  has  been  worked  out  on  the 
basis  of  a  discharge  measured  on  !^^arch  23,  1903  '  while  the  slope  has 
been  deduced  from  the  following  considerations  by  Mr.  Craig.  Four 
very  concordant  hypsometrical  obser\ations  were  made  at  different 
stations  between  the  Albert  lake  and  Xiraule  and  reduced  by  compa- 
rison with  the  readings  of  the  barometer  at  Entebbe,  kindly  supplied 
by  Mr.  ^fahon,  Director  of  the  Botanic  Gardens  there.  As  the  type 
and  section  of  the  river  between  the  lake  and  Nimule  vary  little,  an 
assumption  of  uniform  slo[)e  has  been  made,  the  most  probable  value 
of  which  from  the  observations  is  ^  7  o  o  g> 

The  data  are: — 

Volume  (lischar/red    (J46  cubic  metres  per  second 

Sectional  area    770  square  metres 

Hy(h'aiilic  radius       4'SO  metres 

And  tlic  mean  velocity  is O'.Si  metre  ]ier  second. 

Substituting  these  numbers  in  the  Kutter's  formula  we  obtain : — 

„g.Q„_]>-Hj4;8o 
^-^  ^"^—  l  +  2'J-6n 

a  quadratic  equation  for  n,  the  positive  root  of  which  gives 
//  =  0"023()i)  ;  this  accords  with  the  value  of  n  given  by  Kutter  for 
such  a  river  channel.  With  this  value  a  series  of  values  of  C  in 
the  formula  inav  be  calculated  to  corresnoiid  with  different  ffauffe 
readings,  the  slojje  being  considered  constant.  For  this  assumption 
there  is  warrant  in  the  fact  that  the  range  of  Lake  Albert  is  not  much 
less  than  that  at  Wadelai.  This  being  so  the  chief  effect  of  a  high 
l(!vel  on  Lake  Albert  will  lie  to  extend  its  limits  towards  the  north  so 
that  the  portion  which  niav  be  looked  on  as  being  level  will  be  brought 
nearer  Wadelai  and  the  fall  distributed  over  a  shorter  length.  In  the 
absence  of  further  datji  it  appeixrs  most  reasonable  therefore  to  consider 
the  slope  as  being  independent  of  the  gauge  readuig. 

As  the  value  of  the  slope  obtained  above  differs  materially  from 
that  hitherto  accepted,  the  reasons  for  adopting  it  may  be  indiaited. 


'  A  Report  on  the  Upper  Nile,  p..43  aad  App.  IV. 
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The  hypsometricfvl  obser\-ations  thouirh  few  in  number  derive  added 
weij^lit  from  the  fact  tliat  they  are  tlie  first  in  tliis  region  tiiat  have 
been  reduced  by  comparison  with  sinuiltaneous  barometric  readings  at 
a  station  of  known  height  so  near  as  Entebbe  distant  about  3o()  kilo- 
metres;  again  the  totnl  fall  from  the  Albert  lake  at  Hutiaba  to  Ninude 
is  13  metres,  which  is  in  better  agreement  with  (!  metres,  the  value 
deduced  by  Ziippritz  from  Yaiuu  Pasha's  observations,  than  with  the 
33  metres  given  by  Hann. 


DiscHAKOE  Table  fou  Waoki.ai  (iAUCK 

CJAIIGIC 

Skction 

DlSCHAWiE 

(iATOi': 

Sectiok 

DiSCHAUIJIC 

Sli-tres. 

Squure  met  res. 

Ctibic  metres  jier 
secdiKl. 

Mel  res. 

Square  metres. 

Cubk-  metres  ix'r 
seeoiui. 

OMI.')' 

f),S'.tM» 

538 

1-1 

8.59 -1 

773 

o-i 

(J'.lT-l 

54'.) 

1-2 

875- "i 

7'.17 

0-2 

718  •.•5 

570 

i-;5 

8'.)  1-5 

822 

0-3 

72'.) -5 

5'.)1 

1-4 

'.107-7 

847 

0-4 

745-7 

oi;i 

1-5 

••2.'{-'.l 

871 

0-5^' 

701  •;• 

o;{5 

1-0 

:t4o-i 

8110 

o-r, 

77.S-1 

057 

1-7 

;i50-.'} 

'.•22 

0-7 

7!il-;i 

oso 

1-S 

'.172-5 

t)48 

(l-,S 

SlO-o 

7o;{ 

1-9 

'.188-7 

974 

0-!i 

820 -7 

720 

2MI 

l()04-:i 

1  ( II  i(  1 

1-0 

S12'0 

741) 

Thus  the  volume  of  water  passing  Wadelai  may  be  said  to  vary  from 
about  500  to  1000  cubic  metres  per  second,  and  this  amount  (Icpends 
solely  on  the  level  of  the  Albert  lake.  When  it  is  at  a  higii  lc\cl,  by 
providing  up  todouble  the  lowest  stage  supply,  the  water-level  through- 
out the  valley  of  the  ]^)alir  el  Jtibel  is  raised,  lagoons  fill  and  extend, 
and  the  rainfall  of  the  summer  months  brought  down  by  the  Asua, 
Atappi,  Kit,  etc.,  on  the  top  of  such  an  abundant  low  stage  supply 
produces  extensive  flooding  which  similnr  i-nins  when  the  hike  was  low 
would  be  incapable  of  doing.  The  lake  and  its  level  is  then  the  main 
controlliu"'  factor  in  the  reyimen  of  the  P>ahr  el  Jebel  vallev.  It  will 
be  seen  later  (p.  102)  that  extensive  Hooding  has  been  recorded  in 
several  years  in  the  neighbourho(i<l  of  (londokoro  and  Lado ;  this  has 
taken  place  in  years  of  heavier  rainfall  but  the  height  of  the  Albert 
lake  is  probably  a  still  more  important  factor.  In  1903  the  rains  in 
this  area  were  heavy  but  not  sufticiently  so  to  inundate  land  which 


'  Lowest  rwDrtlrd  n-ailin;;  :   .\|iril  1!III2. 
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PLATE  VIII. 


SECTION  OF  THE  BAHR  EL  JEBEL 

No.    1        Wadatel,  64  Km.  ffom  Albert  Lake     22    3    03 


No.  3       Mongalla,  437  Km.  fpom  Albert  Lake     14    9    03. 


No.   1      Bor,    820  Km    from  Albert  Lake  18    9    03 


No.  5      820  Km.  from  Albert  Lake    18    9    03. 
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No.   1     Hellet  Nuer  947  Km. 
from  Albert  Lake    13    4    03. 


No.  2       Near  Lake  No.  1  146  Km. 
from  Albert  Lake     14    4    03. 
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had  reniainerl  above  the  flood  level  for  years,  had  not  the  Albert  lake 
level  been  unusnall}'  high. 

At  the  Makedo  rapids  Peuey '  measured  the  volume  discharged  on 
February  27,  1861  and  found  it  to  be  565  cubic  metres  per  second. 
He  also  inciisured  another  at  Yerbora  ra]tids  which  gave  from  50(1  to 
GOO  cubic  metres  per  second. 

Northern  portion  of  the  Bahr  el  Jebel. — North  of  Gondokoro 
the  Bahr  el  Jebel  passes  from  its  mountain  tract  to  its  plain  tract,  and 
henceforth  flows  as  a  meandering  stream  in  the  flood  plain  which 
occupies  the  valley.  For  a  short  distance  north  of  Lado  the  ridge  of 
higher  land  to  the  west  consists  of  laterite  derived  by  decomposition 
from  the  underlying'  gTieiss,  but  all  the  eastern  side  and  the  rest  of  the 
western  side  northwards  is  formed  of  the  sandy  materials  derived  from 
the  plateau  to  the  south  and  laid  down  on  the  flood  plains  of  the  rivers 
which  fonnerl\-  drained  this  area,  with  the  exception  of  the  four  hills 
which  ai-e  collectively  known  as  Jebel  Zaraf.  and  one  or  two  similar 
outliers  to  the  east  in  the  basin  of  the  Sobat. 

The  constitution  of  these  level  flood  plains  has  been  described  as 
sandy  deposits  mixed  with  coarse  peat  in  places"  but  there  seems  to 
Ije  no  evidence  that  anything  of  the  nature  of  a  vegetable  deposit  exists 
except  the  ordinary  swamj)  vegetation  which  grows  in  the  low  ground 
and  in  the  lagoons  which  remain  after  the  rains.  True  peat  is  out  of 
the  question  as  it  is  never  produced  in  the  tropics  except  on  mountains 
over  1:^00  metres  in  height.' 

In  this  old  flood  plain  the  Bahr  el  Jebel  has  eroded  a  very  shallow 
valley  which  it  has  since  partially  refilled,  while  the  Bahr  el  Zaraf  has 
carved  out  no  vallev  Imt  only  the  channel  that  it  flows  in.  To  call  this 
valley  of  Bahr  of  Jebel  a  delta,  completely  formed  as  far  as  Bor  and 
in  an  embryonic  stage  between  this  point  and  lake  No*  is  a  misuse  of 
the  term,  since  a  delta  is  formed  when  a  stream  delivers  its  load  of 
detritus  into  a  body  of  still  water  such  as  a  sea  or  lake.  Thisdescrijition 
of  the  Bahr  el  Jebel  is  doubtless  a  consequence  of  the  a:  sumption  that 
the  marshes  occupy  the  site  of  an  ancient  lake,  but  the  objections  to 
this  hyj)othesis  are  given  later  (p.  141 ).  The  Bahr  el  Jebel  flows  down 
its  valley  with  a  very   low  slope  probably  about  1  in  24,000  as  a  mesin 


*  Bull.  Soo.  Geog.,  .July  18(!3.  and  18f>2.   p.  24!),   and   Lonibanlini,  -Essai  stir  VHydrologie  du 
Nil,"  p.  39. 

«  Willcoeks.    "The  Xilc  in  lOOl."  p.21. 

3  Schimper,  "  Plant  Cieojrrapliy."  Oxford  1!K)3.  p.  382. 

*  "The  Nile  in  l'.K)4,"  p.  33. 
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slope  from  Montralla  to  lake  No,'  and  all  the  features  whirli  it  presents 
are  those  chanictcristic  of  such  low  <;ra(le  streams  rarrviii'r  a  small  load 
of  silt  and  situated  in  a  tropical  climate. 

The  length  of  the  valley  of  the  Bahr  el  Jebel  from  Gondokoro  to 
lake  No  is  alioiit  the  sam(!  as  that  of  the  Nile  valley  from  Esna  to  Cairo, 
and  if  Plate  XI  he  comjjared  with  a  map  of  Egypt  on  the  same  scale, 
such  as  that  published  by  liartholomew  of  E<[inburgh,  it  will  be  seen 
that  on  the  whole  their  respective  valleys  do  not  differ  greatly  in  area. 

From  Gondokoro  to  ^longalla,  a  distance  of  42  kilometres,  the  flood 
plain  is  from  three  to  four  kilometres  wide  and  in  it  the  river  from 
Lado  to  ]\Iongalla  has  a  secondary  channel  to  the  west  of  the  main 
one  ;  on  either  side  of  the  valley  is  the  thorn  forest  through  which 
small  streams  drain  into  the  marshes  of  the  valley.  Throughout  this 
part  the  gi-onnd  level  in  the  valley  is  1"0  metre  to  O'S  metre  above  the 
low  stage  level  of  the  river,  while  the  higher  ground,  where  the  forest 
grows,  is  from  2  to  4  metres  above  it,  as  at  Mongalla,  Kiro,  Lado  and 
Gondokoro.  The  flooil  j)lain  is  cut  up  by  numerous  channels  leading 
in  or  out  of  lagoons  which  represent  former  bends  or  reaches  of  the 
river,  and  in  these  paj)yrus,  reeds,  and  grasses,  flourish,  while  on  it 
dense  reedy  grass  grows  luxuriantly  with  isolated  acacia  bushes  dotted 
about.  The  soil  outside  the  flood  plain  is  a  stiff  impermeable  earth, 
for  a  well  sunk  at  Mongalla  below  the  level  of  the  river  gave  no 
water. 

From  Mongalla  to  Bor,  a  distance  of  11(1  kilometres,  the  flood  plain 
is  from  5  to  8  kilometres  wide  and  for  almost  the  whole  distance  the 
river  is  di\  ided  into  two  larger  channels  besides  the  numerous  small 
cross  channels  and  spills.  Shortly  above  Bor  is  the  large  tract 
of  the  valley  known  U)  early  travellers  as  Chir  island,  which  lies 
between  the  eastern  and  western  branches  of  the  river ;  at  present  the 
former  is  the  main  stream  but,  in  1874  when  Lieut.  Watson'  made  his 
survey  the  other  bi-anch  was  in  use.  It  was  at  the  north  end  of  this 
island  that  von  Harnier  stayed  during  the  first  half  of  the  rainy 
season  in  186L'  Below  Bor  the  valley  is  from  12  to  14  kilometres 
wide  as  far  as  Kenisa,  the  western  side  being  followed  by  the  Bahr  el 
Jebel  while  a  parallel  branch,  the  Atem,  keeps  close  to  the  eastern 
bank. 

I  Levelling  recently  carried  out  gives  a  fall  of  2"()  cm.  per  kilometre  from  lake  Xo  to  Kodok.  and 
tlie  altitude  of  the  latter  place  is  with  fair  acc^nracy  3S1I  metres  above  see  level.  Levels  carried 
gouthwards  east  of  the  Bahr  el  Zaraf  give  a  slope  of  fi  cm.  per  kilometre,  which  if  increasing 
somewhat  to  the  south  give  about  440  metres  for  the  river  at  Mongalla. 

*  Now  Colonel  Sir  C.  Watson. 

■>  I'et.  Mitt.  Erganzungshaft,  X.,  p.  138. 
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The  Atem  river  is  bhowii  on  Poncets  map  of  the  Bahr  el  Jel>el,' 
At  that  dine  the  maiii  channel  between  Bor  and  Lado  was  (jn  the  west 
side  of  the  valley  so  that  the  branch  is  shown  as  leaving  the  main 
stream  about  lat.  o°  30'  N.  and  rejoining  it  near  Ghaba  Shambe  repre- 
seirts  the  present  main  channel  as  far  as  Bor  and  beyond  that  the 
Atem.  Poncet  calls  it  a  large  channel  flowing  through  the  Tuiji  district 
passing  by  Fagak  and  rejoining  the  main  stream  below  Ghaba  Shaml)e** 

The  Hood  plain  at  Bor  was  in  March  11)03,  0"()  metre  above  the  river 
level,  and  the  banks,  where  exposed,  of  a  yellowish  quartz  sand  of 
moderately  fine  grain.  This  height  of  the  flood  plain  above  the  river 
level  natui'ally  \aries  at  different  seasons  (jf  tlie  year  being  usually 
top])ed  in  flood,  and  considerable  difference  exists  between  the  low  stages 
of  different  years  according  to  the  height  of  the  Albert  lake  and  the 
\  olume  which  is  consequently  passing  Wadelai  at  this  time  of  year, 
when  the  supply  from  tributary  streams  is  almost  negligible.  In 
March  1903  the  Albei-t  lake  was  low,  and  taking  Mr.  Pordage's  estimate 
of  0"S3  metre  as  the  rise  of  lake  between  March  1903  and  the  end 
of  1903,''  it  must  have  been  about  0'7o  metre  higher  in  May  1904 
when  Sir  William  Garstin  visited  the  Atem  river:''  the  Wadelai  <rau<re 
shows  an  increase  of  1*10  metres  for  the  same  period  equivalent  to  an 
increased  discharge  of  about  2VA)  cubic  metres  per  second.  This  consi- 
derably raised  the  water  level  in  the  valley  in  the  upper  reaches,  tiie 
amount  gi'adually  lessening  in  the  nortiiern  reaches. 

The  Bahr  el  Jebel  itself  changes  its  character  greatly  in  the  Uor- 
Kenisa  reach,  meandering  in  short  curves  which  show  clear  evidence 
of  having  been  recently  modified  ;  a  number  of  them  had  alten^d  in 
shapci  between  the  survey  of  the  river  in  1901  and  its  revision  in  1903. 
These  changes  are  small  and  affect  the  small  bends  only,  the  larger 
ones  taking  a  much  longer  time  to  alter  as  they  tend  slowly  to  work 
down-stream.  Below  Kenisa  as  far  as  Hellet  Nuer,  280  kilometres,  the 
river  keeps  near  the  western  side  of  the  valley,  while  for  the  first  120 
kilometres  of  this  distance  the  eastern  side  is  a  wide  expanse  of  pap\rus 
and  grass-grown  swamps,  with  water  channels  and  lagoons  wliich  furnish 
waterways  more  or  less  navigal)l(!by  native  canoes  from  the  vallev  of  the 
Bahr  v\  -Icl)el  to  the  flat  swam])y  area  from  wliicli  the  Bahr  el  Zaraf 
draws   its  perennial  su|)ply  of  water.'     This  part  of  the  marshes  was 


1  'Le  Fleuvf  Blanc,"  p.  45, 

'  !,()(■.  cit. 

S  Report  on  i.\ui  l'.:isiii  iil   tlu'  l'|i|ii'r  N'ilr.  |i.   M. 

<  Ii()(\  cit.,  Appendix  VI. 

S  The  rainfiill  on  this  part  siipiilies  an  ailditioiial  iiuaiitity  in  summer  and  early  autumn. 
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passed  by  Baker'  in  1(S71  by  euttiiig  a  eliiUiiiel  iiiiu  the  Jiahr  el  Jebel 
and  by  raising  the  water  by  means  of  a  dam  sufficiently  to  enable  his 
boats  to  pass  into  the  river.  In  1000  Commiiiulaiit  TIcin-y  made  his  way 
through  these  swamps  dragging  his  boats  through  small  side  channels 
some  of  which  were  only  1  or  2  metres  wide  while  at  times  open  reaches 
of  water  were  but  20  centimetres  deep  with  a  hard  ela}'  bottom.^  A 
little  below  Ghaba  Shambe  the  forest  ceases,  and  the  ground  which 
bounds  the  flood  plain  proper  is  covered  Avith  coarse  grass,  acacia 
bushes,  and  occasionally  a  few  deleb  palms  ;  on  the  west  bank  it  passes 
out  of  sight  GO  kilometres  below  Hellet  Nuer  and  after  this  point  the 
swamps  of  the  Bahr  el  Jebel,  the  Rohl  and  the  15ahr  el  Ghazal  are 
believed  to  join.  The  country  between  this  pai-t  of  the  Bahr  el  debel 
and  the  Bahr  el  Gliazal  cannot  be  wholly  marsh  exce[)t  perhaps  in  the 
rainy  season  when  its  flatness  allows  of  its  being  inundated  for  long 
distiinces  ;  at  other  times  the  swamps  follow  the  water  channels  which 
are  sejiarated  by  slightly  higher  ground.  West  of  lake  No  for  a 
considerable  distance  villages  and  dry  land  apjiear  on  the  southern 
bank  in  the  dry  season  and  here  the  rise  of  tlu;  water  level  in  flood 
probably  does  not  exceed  GO  or  70  centimetres.  Till  the  limits  of  the 
swamps  have  been  actually  surveyed  any  estiniatt;  of  their  area  will 
certiiinly  be  in  excess  of  the  truth,  for  seen  from  the  upper  deck  of  a 
steamer  the  top  of  the  grass  and  papyrus  will  seldom  be  as  much  as 
5  metres  below  the  observer's  eye,  and  under  these  conditions  the 
visible  horizon,  where,  from  the  curvature  of  tlie  earth,  the  line  of 
sight  meets  the  grass  tops,  is  only  7  kilometres  distiint ;  any  expanse 
of  swamps  greater  than  this  will  appear  to  the  observer  illimitable. 
Outside  the  flood  plain  the  country  presents  the  savannah  ty])e  of 
vegetation,  grass  and  small  perennials  with  but  few  thorny  shrubs, 
while  here  and  there  stands  an  acacia  bush.  In  the  southern  parts  and 
especially  on  the  western  side  where  the  humidity  is  higher,  and  the 
dry  north  winds  less  pronounced,  savannah  forest  and  thorn  forest 
replace  it  but  except  fni-  small  areas  near  tlu'  river  the  eastern  side  of 
the  valley  seems  soon  to  open  out  into  bare  sa\aniiah,  much  of  which 
is  flooded  by  the  summer  rains  and  by  the  water  brought  down  In' 
streams  flowing  northwanls  from  the  Latuka  and  other  hills. 

On  either  side,  when  once  the  northerly  outliers  of  the  equatorial 
lake  plateau  have  been  passed  the  country  to  the  north  of  them  is 
almost  flat;  on  the  west  it  rises  slightly  to  about  half  wa\-  to  the  next 


•  Tsiiiailia.  Londim.  1895,  p.  9!t. 

2  Bull.SiJL-.  il'utudes  culuuiales,  Brussels,  Sept..  Oct.,  Nov..  IU02. 
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clraiiiaii'c  line,  towards  which  the  land  aj^ain  falls.  As  far  south  as 
Ghal)a  Sliambe  (lat.  7°N.)  this  strip  of  country,  usually  "wooded,  can 
be  crossed  without  difficulty,  indeed  in  the  dry  season  of  March  and 
April  the  absence  of  water  is  an  obstacle,  and  the  same  is  true  of  the 
plains  east  and  north-east  of  Bor. 

The  Danish  traveller  Pruyssenaere  gives  a  brief  description  of  this 
land  on  the  west  of  the  Bahr  el  Jebel  in  which  he  spent  several  months 
in  ISdO.' 

On  ^larch  7,  1860  he  started  westwards  from  Kenisa;  the  countrv 
consisted  of  grass-covered  plains  alternating  with  wooded  tracts,  while 
wherever  lagoons  or  swam^js  occurred  in  the  low  grouncl  numerous 
fishermen's  huts  were  grouped  around.  At  one  day's  march  from  the 
river  the  wooded  region  "Gog""  began,  jjarts  of  which  w^ere  fresh  and 
ureen,  while  other  itarts  were  drv  and  brown  acconUnir  to  the  kind  of 
trees  and  the  elevation  of  the  groinid.  At  Miraeh  Ghadiak  the  ground 
was  a  red  earth,  evidently  a  laterite,  the  product  of  the  decomposition 
of  some  crystalhne  rock  probably  gneiss,  under  warm  and  humid  condi- 
tions, and  the  ground  generally  Avas  a  red  or  white  sandy  earth  Avith 
reddish  banks  of  sandstone.  At  Mira  Afio  about  half  wav  between  the 
l>ahr  el  Jebel  and  an  eastern  branch  of  the  Yei  the  highest  ground  was 
reached  and  from  here  it  sloped  to  the  west. 

In  the  winter  the  trees  in  the  "Gog"  lose  their  leaves,  the  earth  is 
dry  and  burnt  up,  the  animals  leave  it  as  no  water  is  to  be  found,  and 
seek  the  rivers  and  khors  at  a  distance.  Still  it  is  not  uninhabitable;  by 
mciins  of  wells  a  permanent  supply  of  water  is  almost  everywhere 
obtainable.  In  April  the  first  rain  showers  fall  and  at  once  evervthing 
begins  to  sprout,  and  the  ground  is  covered  with  grass  ;  a  little  later 
they  increase  and  under  the  heavy  rains  of  August  and  September  tali 
grasses  grow  up  and  ponds  fill.  The  plains  east  of  the  Bahr  el  Jebel 
seem  generally  to  lie  lower  than  on  the  west,  for  between  the  Bahr  el 
Jebel  and  the  Sobat  there  are  only  acacia  woods  with  the  dom  and 
<l('leb  palms,  between  whicli  lie  the  dejiressions  which  in  summer  are 
Hooded  and  in  winter  dry  up.  From  Khor  Gondolek  some  15  kilo- 
metres east  of  Agorbar  (lat.  6°  38'  N.),  the  wood  falls  back  more  and 
more  from  the  river,  and  further  north  towards  the  Sobat  lie  vast 
almost  woodless  plains. ' 

These  eastern  j)lains  have  been  l)ut  little  visited  and  the  descriptions 
of  them  are  meagre.     Kniin  Pasha  when  the  Bahr  el  Jebel  was  blocked 

1  Pet.  Mitt.  Erganzungsheft,  50,  51,  1877. 

J  This  wooded  arc;i   occupies  the  higher   ground  between   tlie  Bahr  el  Jebel  and  the  Yei  from 
7}''N.  Int.  southwards;  cf.  I'ruyssenaere  loc.  cit.,  p.  13. 
'  I'ruyssenaere;  loc.  cit. 
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with  sadd  sent  ])ost  messengers  from  Bor  to  the  mouth  of  the  Sohat, 
who  traversed  tliese  liigher  plains  and  left  the  swain])s  of  the  Zaraf  to 
the  north  and  west,  while  the  Syrian  trader  Ibrahim  Bas,  as  quoted  hy 
Heuglin,'  crossed  them,  and  appparently  reached  the  Pibor. 

llecently  ]\Iajor  Liddell  R.  E.  ^  marched  throuii-h  them  in  I\Iaroh 
from  the  mouth  of  the  Sobat  to  lat  7°  N.  He  mentions  that  the  country 
had  been  flooded  to  an  unusual  extent;  his  route  was  to  the  east  of  the 
marshes  (see  p.  120). 

The  tributaries  of  the  Bahr  el  Jebel  are  few  and  only  those  which 
join  it  south  of  Gondokoro  ever  reach  the  river  channel.  The  rest  lose 
their  water  in  the  sAvamps  formed  by  the  junction  of  their  marshes 
with  those  which  occupy  the  valley  of  the  Bahr  el  Jebel. 


Climate. — The  climate  of  this  part  of  the  Bahr  el  Jeljel  may  l)e 
accurately  deduced  from  the  observations  at  Mongalla,  Lado,  and 
Gondokoro  at  the  south  end  of  it  and  Doleib  Hilla  at  the  north  end 
The  highest  temperature  is  reached  in  Marcli  and  April,  and  the  lowest 
about  September  in  the  rainy  season.  The  winds  are  northerly  from 
Nt)veml)er  to  March  and  southerly  from  May  to  September,  being- 
variable  in  April  and  October. 

Mongalla  and  Doleib  Hilla  may  be  taken  as  fairh'  representing  the 
winds  of  the  north  and  south  portions  of  the  Bahr  el  Jebel  while  the 
following  table  gives  the  percentage  frequency  of  wind  direction 
observed  at  Ghaba  Shambe  in  1904  and  1905  at  H  a.m.  The  prevailing 
northerly  winds  from  October  to  March  and  southerly  winds  during 
the  summer  months  are  clearly  shown  ;  the  latter  have  a  marked 
easterly  component  as  already  mentioned. 

I'KliCENTAtiK   FliEylKXCY    —    GhaBA    ShAMBK.    11104   AMi   11105,   (S  a.lll.). 
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1   Pet.  .Mitt.  ErKuiiziiiirslan.i.  II,   I'iirt  VIII,  [i.  li)4.  m\->. 
*  Ueog.  Jouru.,  Dec,  lUU-1,  p.  051. 
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The  average  raiiilall  i.s  probably  about  800  mm.  annually,  tliou^li 
the  northern  jtart  may  prove  to  have  a  less  amount.  (Jbservations 
have  been  made  at  Ghaba  Sliambe  sinee  1904  only  and  for  this  year 
the  total  was  only  400  nnn.  but  this  may  prove  to  be'  exceptional ;  in 
any  case  Pruyssenaere's  estimate  of  over  2500  nmi.  of  rain  for  this 
part  is  excessive. ' 

Ghaba  Shambe  Rainfall  in  millimetrks,  in  1904  and  1905. 


Months 


January 
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88 
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20 
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As  observations  arc  so  few  in  this  region  and  as  the  humiditv  ami 
evaporation  are  of  special  importance  in  any  consideration  of  the 
swamps  and  the  part  the}-  play  in  the  regimen  of  the  river,  it  will  be 
useful  to  include  three  sets  of  observations,  one  made  by  me  in 
March-April  1901  and  the  other  bv  Mr.  J.  I.  Craie;  in  August- 
September  1902;  and  to  compare  them  with  those  made  by  Lieut. 
Watson  R.  E.  in  1874.  The  observations  for  temperature  and  humidity 
were  made  with  an  Assmann  as|)iration  psychrometer  and  those  for 
evaporation  by  means  of  a  Piche  pattern  evaporimeter.  Taken  at  the 
driest  and  wettest  times  of  the  year  respectively  they  furnish  a  fair 
idcii  of  the  range  of  humidity  and  evaporation  in  this  area,  wiiili'  those 
of  1874  cover  the  months  of  October  and  November. 


»  Pet.  Mitt.  Ergaiizuiigsheft  .51,  p.  27. 
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Meteorological  Observations  taken  on  the  Bahr  el  Jebel  in  1902 

AT   8   A.M.    daily,    by    Mk    J.I.    (  hiAKJ. 


Tcmi). 

Kel.itive 

Vapour 

I'Al  1. 

humidity. 

tetisiuii. 

Kvajtoi-atiMti 
11  mi. 

Wiriil. 

IimIii 

I'LALE 

,'- 

28   August 

2.i-l 

79 

18-7 

3-4 

S.  light 

0 

Taufikin. 

29        „ 

24-9 

86 

20-1 

4-7 

S.  V,  iifiht 

0 

Lolle. 

30 

27-8 

67 

18-7 

4-0 

S.E.   iiinil. 

0 

Zanif. 

31 

24-4 

88 

19-8 

4-2 

S.E.  fresh 

0 

Lake  No. 

1  Sept. 

2ii-2 

73 

18-.5 

4-8 

S.  V.  light 

U 

,  , 

2        „ 

23-0 

91 

19-0 

4-7 

S.  I 

9-3 

Hellet  Nucr. 

3        „ 

23-0 

84 

17-6 

3-8 

S.  2 

0 

,  , 

4         „ 

27 -t; 

67 

18-4 

I  -  ! 

S.  1 

0 

Gh,iba  Shiimbe. 

■■>        .1 

25-3 

88 

21-2 

S.  2 

0 

Keuisa. 

6 

, , 

,  . 

;.  .3.4 1 

X.E.  3 

27-8 

7         ,. 

25'G 

82 

20-0 

S.  1 

(1 

, , 

8 

24-6 

87 

19-9 

5-0 

S.  2 

3-7 

Mongalla. 

9 

■2r,-» 

81 

20-1 

2-4 

S.  1 

1-9 

(Jondokoro. 

10 

24-0 

78 

17-4 

4- 6 

S.   2 

, , 

11 

1 

12        „ 

f  -  i 

13        „ 

, . 

,   . 

Mongalla. 

14 

25.8 

67 

1G*(; 

S.  3 

2-1 

15 

,  , 

. , 

, , 

I       7-8    j 

Kiro. 

16 

2t;.i 

92 

23-3 

S.  3 

1-2 

17  „ 

18  „ 

23  !s 

9 1 

26'o 

}     --    ] 

S.  1     " 

U 

Hellet  Nuer. 

19 

26.3 

86 

21 -S 

.1-9 

W.  3 

(1 

.. 

20        „ 

2.5.2 

80 

19-2 

6-1 

S.W.  2 

3-0 

Khor  Deleb. 

21 

.-)-4 

Zaraf. 

22        „ 

27.8 

yi 

2."'  •  2 

4-7 

K.  2 

0 

•• 

Total 

M.:.n 

■2m 

S2 

l!l-,s 

4-6 

49-0 

Meteorological  Observ.\tions  t.\ken  on  the  AVhite  Nile,  in  1.S74. 

l;V    LlELT.   CM.    WATS..N    U.E.  ' 


Teji 

I'EBATCRE 

Relative 

Vapocr  Tension 

IN   SHADE 

Place 

Date 

0  lENl 

% 

Remarks 

8  ajD. 

nooa 

8  p.m. 

g  a.m. 

nooa 

8  p.m. 

8  a.m. 

nooa 

8  p.m. 

DirectiOD 

Force 

i=^ 

Oct 

0 

28-3 

SO'? 

., 

lO'll 

Fine. 

^'=1 

10 

26'0 

.. 

.. 

61-0 

.. 

11-32 

•  .         .. 

.. 

11 

3U'0 

58-4 

.. 

..      118-28 

n\v 

4 

Heavy  rain  at  nifzlit. 

„ 

1? 

26-9 

30-8 

31-7 

68-4 

iB-r> 

18-11 

19-36       .. 

sw 

3 

Fin*' :  niin  at  iil>,'lit. 

" 

13 

28-6 

32  •.'i 

30-6 

e.'.vi 

.52-0 

19-1.') 

18-91 1        . 

i   w 
(  sw 

1      2 
■      3 

Heavy  olcm.ls  and  Ught 
ulni;  ;  a  little  I'alD. 

:   I 

14 

2S-1 

33-9 

31-1 

Oi-0 

39-9 

, , 

18-32 

15-87       .. 

sw 

2 

A  little  rain. 

-   \ 

1.-. 

2C-1 

32-8 

29.4 

09'6 

38-8 

17-50 

14-48       .. 

wsw 

3 

Fine. 

^    1 

11! 

31-7 

33-0 

31.7 

4C-3 

42-9 

69'1 

10-09 

16-8.i  20-63 

w 

1 

Verv  line. 

5>          I 

„ 

17 

31-7 

,, 

27-8 

49-9 

,. 

63'0 

17-23 

..      .17-56 

SK 

4 

I'lou.lv;  lightning. 

J3         \ 

„ 

1» 

20  M 

30-6 

28-9 

.82 -0 

62-0 

03-9 

20-09 

20-08  18-96 

SE 

I 

Fine. 

s    j 

,, 

I 'J 

2.-.-C 

32-2 

24.4 

80-0 

.13-0 

»6-8 

21-00 

19-09119-65 

SK 

'> 

Fine  a.m. :  lieavv  rain 

s     1 

211 

2liM 

34-4 

art 

82-0 

46-6 

69 -2 

20-69 

18-96  16-91 

S 

5 

Fine.                      [p.m. 

o     f 

21 

24  •! 

2'.' "4 

24-4 

80-8 

68-0 

86-8 

19-65 

20-83   19-65 

s 

3 

r 

22 

24-4 

29-4 

25-6 

77-9 

44'6 

81-2 

17-64 

13-51   19-86 

SK 

2 

., 

23 

27'S 

31-7 

26-1 

4,1 -0 

46-4 

73-9 

12-00 

10-09  18-60 

j     SK 

•2 
6 

Fine;  Squall  evening. 
Flue. 

21 

,, 

29*7 

2.-.MI 

"^  ^ 

00-5 

82-0 

, . 

20-64 

19-28 

s 

3 

2.'> 

2.'. -6 

28 '9 

20  •! 

81-2 

71 -.-I 

;8-o 

19-86 

21-13 

19-55 

s 

1 

Mbiii 

27-09 

3fJ5 

27*89 

68-2 

.53 -1 

72-9 

17-93 

18-14 

18-99 

- 

2*s 

8 

+  12 

+  2" 

28 .  H 1 

.•,.- 

H 

i  Jour.  K.  Geog.  Sou.   1876,  p.  421. 


KHI  — 


AIkTEUKULOUICAL  UUSKUVATIONS  TAKKN  ON  THK  WuiTK  XlLK,  IN  1^7-1, 

BY  Lieut.  C.  M.  Watson  H.E. — rontimu'd. 


Tkmpi-.kati'hk 

HKl.A'nVK 

VAi'oun  Tknsion 



IN    8HADK 

\\  IN  11 

Vl.A 

VK 

Date 

0  CK.NT. 

0 

'" 

UKMAItKS 

8a.m. 
26-7 

noiiri 

8  p.m. 

8a. m. 

noon 

8  p.m. 
81-2 

Ha.m. 

noon 

8  p.m. 

llireclion 

Force 

I 

Oct.  26 

30-0 

26-6 

G9-9 

58-4 

18-24 

1N-2K 

19-86 

SK 

Klni'. 

1 

\ 

.,     2" 

25-6 

30-6 

26-7 

86-0 

62-0 

78-0 

21-00 

20-08 

20-32 

u 

(^ 

„     2S 

, , 

31-1 

•26-1 

, , 

62-5 

82*0 

.. 

21-00 

211-69 

SK 

2-6 

Hi'avv  rain ;  Ughti 

illR 

,.     29 

2.".'6 

30-0 

23-3 

81-2 

68 -6 

86-0 

19-86 

21-69 

lK-32 

.s 

5 

A  little  rain.          [i 

.111. 

„     311 

2.5 -6 

30-6 

26-7 

81-2 

68-6 

81-7 

19-S6 

22*34 

21-30 

s 

2 

I-'liic. 

„     31 

2.')-i; 

30-0 

,, 

86-0 

68-6 

,, 

21*00 

21-69 

.. 

sr: 

4 

flnii.ly. 

Nov,    1 

26  M 

30-6 

25-6 

82-0 

62-0 

86-0 

20-69 

2U-0h 

21-00 

s 

2 

Fine. 

2 

27-8 

28-3 

27-S 

74-4 

70-9 

74-4 

20-62 

211-31 

20*62 

SK 

2  3 

Cimiily  :  Ihie. 

1 

.,       3 

2.'i*U 

29-4 

27-8 

86-0 

64-4 

70-4 

20-23 

19-64 

19*64 

S 

2 

Finn. 

1 

.,       i 

28-3 

30-0 

25-0 

70-9 

61-4 

86-0 

20-31 

19-26 

20*23 

SK 

4 

Tlovatiiieil  rain. 

s 

J 

^ 

1 

.,       5 

20-7 

30-6 

26-1 

78-0 

62-0 

86-2 

20-32 

20-08 

21*68 

su 

•' 

Cldiiil.v. 

1 

NK 

■•    ( 

« 

) 

6 

2.0 -6 

.. 

22-8 

86-0 

911-4 

21*00 

18*63 

K 

•t| 

Very  clnoih'. 

u 

,.       7 

24-4 

30-6 

82 -0 

.. 

.. 

18*55 

.• 

.. 

NE 

3 

Fine. 

p; 

..       8 

26-1 

30-0 

23-9 

82-0 

61-4 

81-7 

20*69 

19-26 

17-95 

1   st 

h' 

Fine    nmrninj,'  ;    r; 

In 

= 

!1 

23-<1 

28-3 

23-3 

85-6 

70-9 

86-0 

18*86 

211-31 

lls-32 

'    .SK 

3 

CImnlv.                t'  ' 

.ni 

..        IN 

25-0 

28-9 

82-0 

60-3 

si-l 

19*28 

17-82 

17-26 

.SK 

2 

..    n 

2.''.-6 

31-1 

77-8 

.-,4-9 

IK-91 

1S-5H 

SW 

2 

Fine. 

.,     12 

26-7 

30-0 

26-6 

62-7 

51 -S 

69.2 

16-23 

16-211 

lr,-9l 

SK 

•t 

„ 

„     13 

25 -0 

30-6 

2C-7 

81-2 

54  -  5 

73.3 

19  •.S6 

17-91 

19- IS 

)    SK 

J2-3 

Very  line. 

„     1-1 

25-0 

•- 

26-7 

86-0 

•- 

T.s.ii 

20*23 
19*78 

-• 

20-32 

1^. 

|2  3 

Fine. 

Muiin 

2r)-84 

30-04 

25-47 

80-0 

62-5 

80.7 

19-68 

19-54 

- 

2-9 

S  +  12  +  20 

3 

27-12 

74-4 

19*67 

~ 

Nov.  15 

20' 1 

78-0 

19-55 

Si: 

., 

Fine. 

■~. 

\ 

„     16 

.. 

,. 

.. 

.. 

M 

) 

,.     17 

, , 

., 

,. 

.. 

■6 

J 

„    la 

,. 

„ 

c 

f 

..  IK 

24-4 

30-6 

28-3 

77*9 

17-64 

.. 

.\K 

3 

c 

.,     211 

2S-3 

33-9 

25-0 

60-3 

42-9 

73-4 

17-25 

16-85 

17-27 

r. 

- 

\'iry  line. 

Mean 

26-27 

32-25 

26-65 

72-1 

42-9 

73-4 

18*15 

16-85 

17-27 

- 

2-3 

s  +  1 2  +  2C> 

a 

28.39 

Ol-t.   26) 

U,      \ 

2.5*90 

30-26 

25-59 

79-0 

61-4 

so -3 

19-55 

19-52 

19-42 

2's 

Nov.  21)) 

S+I2  +  2II 

:i 

27-25 

73-6 

" 

Wind   Iukkctions   Observed. 


Datk 

N 

NK 

K 

SK 

s 

SW 

\V 

N\V 

T0T.\1. 

Ort.  9  to  25      . .     . . 
Oct.  26  to  Nov.  20  . . 

:: 

0-5 
3*0 

4-0 

14 

1 
7 

1-0 

2-5 

3 

18 
29 

Total..     .. 

3-6 

4-6 

19 

11 

3-5 

2*5 

3 

4  7 

For  what  is  usually  (lcsc'ril)ed  as  a  vast  exijanse  oi'  tiuoded  .suamps 
the  huiuidity  as  shown  in  the  foregoing  tables  may  seem  lower  and  the 
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evaporation  higher  than  would  be  expected,  Imt  the  swamp  area  in  the 
dry  season  is  very  small  compared  to  the  vast  ste])pe  sind  desert  area 
lying  to  the  north  and  the  dry  Sobat  plains  on  the  east.  In  the  ^larch 
observations  NE.  and  E.  winds  and  even  SE.  wind.s  if  strong  greatly 
diminish  the  humidity,  producing  an  average  evaporation  of  S";^  nun. 
daily  while  even  in  the  height  of  the  rainy  season  it  averages  4"3  mm. 
Schweinfurth  '  puts  the  yearly  evaporation  in  the  valley  of  the  Bahr  el 
Jebel  at  l.T.")Omm.  or  4'1  mm.  ])cr  diem,  which  would  seem  to  be  a  low 
estimate.  But  for  this,  the  Hooding  of  this  part  ol  the  Sudan  would  be 
much  greater,  for  as  will  be  shown  later,  the  volume  discharged  by  the 
Bahr  el  Jeliel  into  the  White  Kile  is  nearly  constant  throughout  the  year, 
so  that  evaporatiim  assisted  by  the  rank  growth  of  vegetation  has  to 
dispose  of  not  only  the  (iO%  of  the  water  wliich  passes  Lado,  and  does 
not  reach  lake  No,  but  also  the  700  millimetres  of  rain  which  falls  in 
the  valley  of  the  river  annually.  If  (i  mm.  be  taken  as  the  average 
daily  evaporation,  and  this  figure  does  not  seem  to  be  unreasonable 
under  the  circumstances,  thetjuantity  so  removed  amountsto  about  2000 
millimetres  per  annum  of  wliich  about  700  millimetres  is  the  yearly 
rainfall.  If  the  length  of  the  valley  from  Gondokoro  to  lake  No  be 
taken  as  ,")00  kilometres  and  the  mean  breadth  as  10  kilometres,  this 
represents  an  area  of  .5000  sipiare  kilometres  from  which  I'S  metres 
depth  of  water  is  evaporated  annually,  the  equivalent  of  a  volume  of 
about  200  cubic  metres  per  second  throughout  the  year,  but  since  the 
data  furnished  by  the  evaporimeter  represent  only  the  amount  which 
would  be  evaporated  from  an  o])en  sheet  of  water,  no  account  has  been 
taken  of  what  is  absorbed  bv  the  ^•egetation  and  tnnispired  from  its 
leaf  surfaces  bv  which  means  the  amoiuit  of  water  removed  is  very 
largely  increased. 

Changes  even  in  recent  years  have  taken  place  in  the  upper  valley 
of  the  P>ahr  el  -lebel;  Gondokoro  had  to  be  evacuated  in  1S7.")  because 
the  ejistern  river  chamiel  there  had  silted  up  to  a  great  extent;  on  the 
other  hand  at  Lado,  lo  kilometres  to  the  north  the  stream  was  pressing 
against  the  west  bank,  and  to-day  it  is  still  eroding  there.  Marno" 
remarks  that  in  18S1  the  east  chaTuiel  at  Gondokoro  was  said  to  have 
deepened,  and  at  the  present  time  it  is  navigable  again. 

Between  Lado  and  P)or  there  are  many  islands  and  sandbanks  which 
are  changing  frequently,  and  for  some  years  before  18cSl"  what  had 
been  the  main  channel   had  become  unnavigable  and  boats  followed  a 


1  Pet.  Mitt.  1902,  p.  189,  see  also  Chap.  VII. 
»  Pet.  MiU.  ISSI.p.   414. 
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more  easterly  branch  known  as  the  Khor  Kir  Shambe,  which  is  the 
main  channel  to-day,  from  lat  o°  30'  N.  to  near  I)Or.  Nearly  as  far  as 
Bor  the  eroded  material  broii<:;ht  down  from  the  mountain  tract  is 
coarsely  sandy  aiul  even  in  parts  a  fjravel,  but  north  of  this  it  is  a  fine 
sandy  mud  containing  a  large  amount  of  vegetable  material  and  ashes 
from  the  burnt  vegetation.  At  Bor  sandy  layers  occur  in  the  bank 
section  alternating  with  others  of  nuul  but  north  of  tliis  the  coai-ser 
material  occurs  but  rarelv. 

The  following  table  "'ives  such  references  to  the  state  of  the  river  in 
past  years  as  are  to  be  found  in  the  acccounts  of  different  travellers; 
as  a  low  winter  supply  means  that  lake  Albert  was  low,  it  is  interesting 
to  note  that  this  was  the  case  in  1S4!)  to  lSo3,  and  again  in  l(Sr)<S  when 
probably  the  same  was  true  of  the  other  Cijuiitorial  lakes. 


I'sJ't  I  ^^''"tt'i';  Biilir  el  .Iclicl  i'\c(')itiiin;i 


1( 


18.50     .bminirv;   Halir  el  .Irhcl   <'xcc]ition;illy   low  :if   ( Jomlokoro.  ° 

18.5.3    .lanuaiv;  Ijow  watcf  at  (ioiulokoro.  ' 

1854     .lamiai'v  0''M)  in.  lii^iluT  at  Gontiokoro  tliaii  .laimary  IS.'i.'J.  ^ 

18.58     Siininier  rains  feohlc. ' 

18.50     Wat(M-  in  April  very  low.' 

185!'     l{ains  on   Balir  «1  Jchci  failcil  iVinil-.lunc.  lint  later  tiicy  were  very 

iifavy.  '  ■■■ 
l.SOl     ISth  Marcli;  Lowrst  stairc  of  river  at  Gondokoro:  '"'  Uains  in   Balir 

el  Ji'Ih'I   late,   hut  then  very  hoavy.  liij;li  flood:'  ( 'ontiniioiis  rain 

at  Poncets  Zerilia  from  20tli  August  to  20tli  Seiitcniiier.  " 
18(;2     Rains  heavy  in  Balir  el  Ghazal  and  Yei  districts.  " 
18(;;{     27th  January:  Bahr  v\  Al)yad  low; '"  7tli  Fehruary,  Balir  el  ( Jliazal  at 

Meshra  Hek  unusually  high.  " 
LS()4     White  Nile  very  low  in  March  eoinpared  with  18t)3.  '" 
18GS     Rains  were  feeble  in   Bahr  el  flehel  district  since  wells  in  country 

west  of  it  were  dry  in  the  following  sjiring.  " 
1871     Very  dry  in  Bahr  el  Jebel;  drought  at  Gondokoro.  " 


'  Knoblecher;  Keise  auf  dem  Weissen  Xil.  Kliin.  p.  -JT,  2i). 

«  Pet.  Mitt.  1859,  p.  .S07. 

3  Poncft,  ''le  Fleuve  blanc"  p.  lod,   13'.!. 

*  Morlans,  "'Pet.  Mitt.  Krganzungshcft,"  10. 

5  Pruj'ssi^naere,  "Pet.  Mitt.  Erj;:uizuiijrshi'ft."  r]0.  p.  8. 

«Peney,  H.S.fi.  .July  IHfW. 

'  Vein  Haniicr,  "Pet.  Mitt.  Ergaiizungsheft,  XI."  p.  140. 

8  Poncet.  le  '•  Kleuve  hlam." 

'  Petherick.  Travels  in  Central  Afrii'a. 
">  Heujilin,  "Keise  in  Gebiet  des  Weissen  Nil."'  p.  71, 
II  Ibid,  p.  107. 

«  Pet.  Mitt.  Erganznngsheft  l.i,  p.  18. 
'3  Poncet.  le  "Fleuve  blanc." 
l<  Baker,  "  Isniailia  1."  p.  31fi. 
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1872     Better  season  than  1871;  high  flood  at  (Jondokoro. ' 
1877     July  at  Goiidokoro;  no  rain,  river  low." 

1.S7.S     Hij;h  fluorl   in  Bain-  el  .Ichel;  Lado  flooded  in  1878,  still  very  high  at 
Lado   ill    I  •cceniher,''  which  points   to   an   unusually  high  level  of 
the  All)crt  lake. 
187!t  Noveniher  187'.),  river  at  Lado  still  high  '   Lado  flooded. 
1880  Unusual  rains  in  Bain-  el  Ghazal. ' 
1882  Short  of  rain  at  Lado  uj)  to  July.  " 

188."}  Very   heavy   rain    Lado  and  southwards;   Lado  flooded  and  gardens 
destroyed.  ' 

(See  Chapter  X  for  a  comparison  oF  these  date  with  the  Blue  Nile 
flood). 

Tributaries  of  any  size  are  rare  north  of  lat  6°  N.  and  those  that 
join  the  Bahr  el  Jebel  have  their  valleys  so  choked  with  vegetation 
that  but  little  water  can  reach  the  main  stream. 

On  the  left  bank  is  the  Khor  Lurit  37  to  150  metres  wide  and 
2  metres  to  4  metres  deep  in  the  dry  season  which  enters  the  main 
stream  to  the  nortli  of  Lado. 

The  Khor  Lankaja  is  said  to  join  the  valley  of  the  Bahr  el  Jebel 
some  75  kilometres  below  Lado.  *  It  ris.^s  in  the  high  (610  metres) 
ground  west  of  Lado,  and  collects  the  water  of  a  number  of  small  khors. 
Khor  Koda,  one  of  its  branches,  was  in  September  1881  in  latitude  5""  4'  N. 
when  c-rossed  bv  Emin  "  0'5  metre  deep,  and  3  metres  wide,  but  when 
in  flood  it  overflows  the  land  far  and  wide.  The  countrv  to  the  west 
of  it  is  completely  flooded  in  the  rainy  season. 

There  are  also  several  Khors,  Ginetti,  Khos  and  Ta  which  rise  in  the 
Latuka  highlands  and  flowing  northwards  lose  themselvesin  the  swamps 
to  the  east  of  the  Bala-  el  Jebel  in  the  neighbourhood  of  Bor,  where 
they  flood  the  open  plains  in  the  i-ainy  season  and  form  swamps  during 
the  rest  of  the  year  wliei-e  what  remains  of  their  diminished  supply 
evaporates.  In  latitude  5"  20'  N.  on  the  western  side  Khor  Taffari  and 
Khor  Ito  are  the  principal  streams  which  increased  l)y  numerous  small 
khors  go  to  make  uj)  the  river  Gel.  In  September  1881  after  a  very 
dry  season,  Emin  Pasha'"  found  the  Taffari  rushing  rapidly  from  south 


1  Ihid  II,  p.  .'542. 

■'  "Emin  P:\sli:i  in  ri'iitnil  Africa."  Fclkin,  p.  1. 

3  Ibid,  p.'JS. 

<  I'et.  Mitt.  ISSI,  p.  1. 

■•  Casiiti  I.  p.  G(i. 

0  Frlkin,  "Emin  Pns!i!i  in  Ccntnil  .Afi-irn,"  p.  137. 

'  Fi'lkin  Inc.  oit.,  p.  4.")3. 

"  .Innkt'i- and  Hassenstein's  Map.  I'et.  Mitt.  F,i-j:an-,!nnirslii'ft.  '.>2.  9S. 

^  "  Emin  Pasha  in  Central  .Afrii-a,"  p.  302. 

1"  l.iif.  cit.,  p.  307. 


—  104  — 

to  north,  15-18  metres  Avide,  and  lo  metres  deep.  In  December  of 
the  same  year  it  was  dr\-  at  tlii?  point.  The  Klior  Ito  at  the  same 
time  was  about  W  metres  wide  and  1  to  l"o  metres  deep.  15  kilometres 
further  u])stream  the  Ito  in  December  1(S<S1  was  15  metres  wide  and 
1  metre  dee]),  tiowing  between  rocky  banks  about  3  metres  higli. 
Eventually  these  two  khors  flow  north-east  throuj^h  the  Eliab  contry 
and  join  to  form  the  river  Gel  which  reaches  the  l>ahr  el  Jebel 
op])osite  Bor. 

It  was  crossed  in  latitude  4' 50' N.  by  Peney  '  (thouj^h  tiiouj^ht  by 
him  to  be  the  river  Yei),  in  January  18fil,  when  he  describes  it  as 
being  80  metres  wide,  0'85  metre  mean  depth,  and  as  having  a  velocity 
of  0'83  metre  per  second,  and  discharging  9  cubic  metres  per  second. 
Felkin  and  Wilson "  also  crossed  its  upper  branches  in  about  lati- 
tude 5°  5'  N.  on  20th  September  1<S7'J  and  speak  of  it  as  being  at  times 
a  considerable  stream,  with  banks  fi  metres  high  and  with  evidences  of 
the  river  flowing  at  times  bank  full. 

The  Yei  is  the  principal  tril)utarv  of  the  Bahr  el  Jeljcl  and  joins  it 
about  50  kilometres  north  of  Giiaba  Sbambe,  but  like  most  other  rivers 
in  this  country  its  waters  are  mostly  expended  in  the  marshes  which 
fill  its  valley  in  the  northern  part,  so  that  little  if  any  reaches  the  main 
river  even  in  the  rainy  season.  It  rises  in  latitude  3°  30'  N.  and  flows 
in  a  northerly  direction  throughout  the  whole  of  its  course. 

In  November  1877  Junker  crossed  it^  in  latitude  4°  N.  and  found 
it  a  mountain  stream  25  metres  wide,  1  metre  deep,  and  rushing  along 
a  shallow  rocky  channel. 

Junker^  crossed  it  on  IGth  Feljruar}-  1877  at  Wandi  in  latitude 
4°  30  N.  where  it  was  then  45  metres  wide,  more  than  \'r>  metres  deep, 
and  with  steep  banks. 

In  1862  at  the  end  of  January,  Petherick  ''  found  this  river  at  Wayo 
in  latitude  4°  45'  N.  discharging  about  Ifi  cubic  metres  ])er  second  and 
estimates  that  in  flood  it  would  rise  to  about  72  cubic  metres  per  second. 
The  bed  was  117  metres  wide,  of  which  some  30  metres  were  dry  and 
the  water  level  was  0'6  metre  below  flood  height.  On  27th  September 
1879  Felkin  and  Wilson  crossed  it  at  Amadi  in  latitude  .5'' 30'  and  found 
it  180  metres  wide,  1*5  metres  deep,  and  flowing  with  a  velocity  of  0'76 
metre  per  second,  giving  a  discharge  of  about  220  cubic  metres  per 


1  Bull.  Soc.  Geog.  .July  1863,  p.  17. 

«  Pet. Mitt.  1«81,  p.  89  and  Uganda  and  the  Egyptian  Sudan. 

3  Travels  in  Africa,  I.  p. 451 

<  Ibid,  p.  282. 

5  Petherick,  "Travels  in  Central  Afrika  "   I.,   London  ISH'.I,  p.  29r> 
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second.  Below  Amadi  there  are  small  rapids.  At  Bufi  in  latitude 
fi-  N.  at  a  ford,  the  river  was  in  October  ISHl,  80  metres  wide,  and 
about  r25  metres  deep. 

Two  .surveys  of  the  river,  the  first  made  in  November  1S74, '  and 
the  second  in  March  1901'  and  revised  in  March  1  !»()■■)■'  furnish  a 
means  of  comparing  the  course  followed  by  the  Bahr  el  .Icbel  at 
these  two  dates  and  detcrmiiiim;-  the  amount  of  change  in  the  different 
reaches  during  28^  years.   (Plate  IX). 

On  comparing  the  compass  survey  of  11)03  witli  that  of  Watson 
made  in  November  1874  it  may  be  generally  stated  that  the  agreement 
in  the  northern  reach  from  Hellet  Nuer  to  Lake  No  is  extremely  close 
even  in  the  smaller  curves  ;  in  the  middle  reaches  from  Bor  to  Hellet 
Nuer  the  correspondence  is  less  complete  ;  for  considerable  distances 
corresponding  loops  and  bends  can  be  readily  recognised,  but  at  other 
])()ints  the  old  main  channel  has  been  deserted  and  a  new  one  excavated 
in  a  former  cross-cut  or  backwater.  Further  .south  between  Gondokoro 
and  Bor  the  river  has  changed  its  course  since  the  old  main  channel 
is  now  only  navigable  in  flood,  aiid  the  eastern  l)ranch,  Kir  Shambc, 
is  now  the  main  channel.  The  reason  of  this  is  clear,  since  the 
southern  portion  is  affected  by  the  aniuial  Hood  of  the  river  and 
the  discharge  in  September  is  often  double  what  it  is  in  April, 
moreover  the  differences  in  the  supply  of  different  years  will  also 
1)0  directly  felt,  and  the  channel  which  suffices  for  ordinary  years 
will  be  unable  to  carry  the  increased  volume  in  an  unusually  rainy 
season,  especiallv  if  the  All)crt  lake  is  also  high  ;  the  river  will 
therefore  erode,  modify  and  alter  its  bed  to  meet  varying  conditions. 
Thus  it  is  that  in  comparing  the  line  of  the  river  in  the  maj)  of 
November  1874  with  that  of  March  1908  it  is  possible  to  a  consider- 
able extent  to  follow  the  general  tendency  of  the  river  during 
these  28  vears.  In  1S74  at  (londokoro  the  river  was  already 
leaving  the  right  bank,  and  shortly  after  the  station  was  removed  to 
Lado  (187."))  since  the  water  channel  had  become  too  shallow  for  boats 
to  use  it.  Emin  Pasha  had  his  post  there  also,  but  now  there  is  a  suffi- 
cientlv  deei)  channel  airain  alonafsidc  the  cast  bank  at  Gondokoro. 
Below  Lado  the  main  channel,  which  now  bends  at  once  across  to  the 
right  bank  and  hugs  it  closelv  for  about  2.")  kilometres,  seems  at  that 
time  to  have  kept  much  nearer  the  Uift  bank  for  al)Out  18  kilometres 


•   Intell.  Dept.  W.  0.  1S78. 

2  I'liblisheil  in  Blue  Imok.  Eirypt    No.   2,  1901,  where  however  the  sheets  have  been  reproduced 
on  different  scales. 

3  Pul)l!shed  in  Report  on  the  Upper  Nile,  plan  VII. 
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before  crossing ;  it  then  returns  to  the  left  bank  and  no\T  keeps  close 
to  it  for  about  20  kilometres,  which  it  also  did  in  1874.  Ten  kilometres 
north  of  the  present  Belgian  station  of  Kiro,  the  river  turns  across  its 
valley,  but  in  1874  it  made  a  bend  of  about  1)0°  while  to-day  it  is  not 
more  than  45'.  It  now  continues  across  the  grass  swamp  which  fills 
the  valley  until  it  arrives  near  its  eastern  margin  which  it  follows  closely 
until  Bor  (lat.  (i°36'  N.).  In  1874  the  river,  shortly  after  leaving  the 
left  bank,  turned  again  to  the  north  at  5°  80'  N.  lat.  keeping  approxi- 
mately down  the  centre  of  the  vallev  some  4  or  5  kilometres  to  the  west 
of  its  present  channel,  the  tract  of  land  between  the  old  and  new  channel 
being  apparentlv  the  ("hir  Island,  at  the  north  end  of  which  von  Harnier 
spent  the  rainy  season  of  18(il.'  This  channel  still  exists  but  is 
only  navigable  for  steamers  at  Hood  stage,  or  in  years  when  the  water 
level  is  high. 

In  the  next  reach  of  the  river  from  Bor  toKenisa,  whili'  maintaining 
its  general  direction  and  the  lari^er  curves,  it  has  altered  ver\  much  in 
the  small  bends  especially  in  the  southern  part.  This  part  is  rapidly 
remodelling  its  curves,  and  manv  small  changes  have  taken  jilacc  be- 
tween March  l!)(»l  and  ^larch  190o.  For  about  00  kilometres  south  of 
Kenisa  the  changes  are  much  less. 

Between  Kenisa  and  Ghaba  Sham  be  the  river  has  kept  its  general 
position  in  its  valley  ])nt  the  bends  have  changed  considerably.  l>etween 
Ghaba  Shambe  and  Hcllet  Nuer  the  southern  part  has  altered  but  little 
until  the  south  end  of  the  reach.  From  Ghalja  Shambe  for  about  140 
kilometres  each  bend  to-dav  ma\-  be  recognised  on  the  map  of  1874, 
altered  perhaps  in  shape  soniewliat,  and  some  have  shifted  their  general 
position,  but  on  the  whole  there  is  a  striking  correspondence  between 
the  two.  The  vast  expanse  of  marsh  east  of  this  causes  instability  at 
this  part  1)\-  I  he  rise  of  water-level  in  wet  years.  In  the  neighbourliood 
of  Hellet  Nuer  where  the  old  chaiuiel  has  only  just  been  reopened, 
the  river  seems  from  the  survev  of  1874  to  ha\e  Howed  near  the  eastern 
mar"in  of  the  lagfoons  through  which  the  steamers  passed  whik-  the 
proper  channel  was  blocked,  except  at  the  northern  end  where  the  river 
made  ver}-  sharp  bend  ((irhursa  el  Kilab)  which  no  douht  caused  the 
sadd  block  in  recent  vetu's  as  it  used  to  do  formerly. 

In  this  reach  were  two  of  the  sadd  blocks  in  1878-1880.  No.  I  block 
described  by  Emin  Pasha  (see  p.  138)  occupied  the  same  part  of  the 
river  as  l)locks  16-19  of  1900,  while  block  II  of  the  same  year  formed 
in  the  sharp  angle  of  Ghursa  el  Kilal)  which  doubtless  caused  the  bloek- 

1  Pet.  Mitt.  Erganzungsheft  II,  1863. 
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ing  of  this  part  of  the  river  where  the  true  channel  has  only  recently 
been  re-opened. 

The  remaining  reach  of  the  Bahr  el  Jebel  from  Hellet  Nuer  to  Lake 
No  shows  practically  no  change,  and  every  bend  can  be  traced  on  the 
survey  of  1.S74.  It  was  in  this  portion  that  most  of  the  sadd  blocks 
were  fnund  in  11)00,  14  of  them  occurring  between  Lake  Xo  and  Hellet 
Nuei'. 

It  lias  Ijceii  suggested '  that  the  channel  diminished  greatly  in  width 
by  1874,  but  Watson's  log-book  gives  no  support  to  the  statement 
that  from  1874  to  1878  the  Bahr  el  Jebel  was  clear  of  sadd  but  had 
dwindled  to  a  clear  waterway  of  6  metres  free  from  weeds  over  long 
reaches. 

From  Lake  No  to  Hellet  Nuer  at  the  end  of  October  1874  he  notes 
2  spots  where  blocks  of  sadd  existed  (see  Plate  XI)  not  however 
closing  the  channel  completely,  and  2  cases  of  floating  grass  islands. 
The  narrowest  jjart  was  at  the  mouth  which  was  only  2o-30  yards 
wide,  while  between  this  point  and  Hellet  Nuer  the  width  of  the  water 
channel  is  given  as  100-120  yards,  70  yards,  40  yards,  but  never  less 
than  this  last  dimension  ;  Marno  found  the  same  in  187i). 

Tabulating  these  obser\'ations  we  have  :  — 

Gon<lokoro-Bor        :      ConsideriiMc  shift  of  bed. 

Bor-Keiiisa       :       Sinallcr  hcnds  fhaiiired  much. 

Kcnisa-Gliaha  Shamiie :       Slower  chancre  in  hcnds, 

Ghaha  Shaiiihi'-Hi-llct  Nuer...  Little  chanirc  exci>])t  wlicrc  channel 

has  hccu  hlockcd  and  opposite 
the  Zaraf  Marshes. 

Ileilet  Nuer-LakeNo      :       Very  little  chan<jre. 

The  effect  therefore  of  the  aniutal  flood  caused  by  the  rains  in 
the  Latuka  hills  is  unfelt  beyond  P>or  and  to  the  north  of  Ghaba 
Shambe  the  August  maximum  is  due  to  local  rains  and  not  to  the 
flood  coming  down  the  river  ;  from  Hellet  Nuer  onwards  the  river 
ilischai-ges  an  almost  constant  voliune  which  varies  but  little  at  the 
(litferent  seasons  of  the  year,  or  in  different  years.  The  marshes  which 
occupy  the  flootl  plains  of  the  valley  absorb  all  the  surplus  supply, 
wliiU^  those  in  the  valleys  of  the  (iel,  the  Yei,  and  other  minor 
tributaries  do  the  same  to  the  flood  waters  of  these  streams. 

The  water  level  of  the  Bahr  el  Jebel  at  Gondokoro  is  at  its  lowest 
about  April  in  which  month  the  first  rains  begin,  but  usually  there 
has  been  very  little  change  for  one  or  even  two  months  previously.  The 
other  gauges  are  Mongalla  since  April  1903,  Bor  for  which  readings 

«  The  Nile  in  1904,  p.  40. 
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be<ijin  in  March  190n,  and  Ghaba  Shambe  where  a  <ian£jo  was  esbib- 
lished  in  September  1003.  The  niaxiniuni  level  is  usually  reached  in 
September  at  Gondokoro,  but  in  1904  it  was  highest  in  August  since 
in  that  year  the  autumn  rains  failed  throughout  the  Sudan  and  Abyssinia 
and  ap]  arentlv  in  the  north  districts  of  Uganda  also.  At  Ghaba  Shambe 
the  maximum  in  both  190H  and  1904  was  at  the  end  of  September  and 
the  minimum  in  1904  in  March,  the  rise  and  fall  being  very  steady. 
The  are  a  few  earlier  observations  which  may  be  recorded  here. 

Dovyak'  of  the  Austrian  Mi-ssion  Station  in  IS.iH  took  both  river 
£rau<re  and  meteorolosjfical  observations  rciiularlv  from  .laniiarv  18,i3  to 
January  1854  : — 

River  Levf.i.  at  fJoM»>Kni{n  ;  .Taxiakv  18.");?  to  Jaxiarv  18.54.* 
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In  1<S(J1  Penev"  records  at  Gonilokoro  that  the  first  marked  rise  of 
the  river  took  place  on  IGth  April.  It  then  rose  r2a  metres  and  after 
24  hours  began  to  fall.  On  jMay  17  it  ro.se  to  Mo  metres  above  the 
lowest  level  and  on  May  2;^  to  1'23  metres.  In  June  it  varied  between 
0-33  metre  above  the  lowest  level  on  the  13th  and  llO  metres  on 
the  first,  the  mean  of  the  month  being  0"o2  metre. 

The  rainy  davs  for  these  months  were: — 

Ajiril       

May 

June        

For  lS.i7  and  l.S.")K  there  are  some  observations  by  Kaufmann  of  the 
of  the  same  Mission,*  who  states  that  between  August  1X57  and 
August  1S5S  the  greatest  difference  between  highest  and  lowest  water 
at  Gondokoro  was  5  ft.  4  in  or  1-03  metres. 
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•  Pel.  Mitt.  18.59,  p.  .SOfi.     The  vnlnes  differ  slightly  from  those  given  by  Lombardini. 

2  From  '•  Essai  sur  I'Hydrologie  du  Nil,"  Lomliardini,  Milan,  IStl.".,  Plate  III. 

3  Bull.  Soc.  Geog.    July  1863. 

*  Pet.  Mitt.  ISfil,  )i.  3i;8.  anil  -  ll.is  Ctehiet  iles  weissen  Flusses,"  Kaufmann,  Brixen  ISGI. 
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At  Keiiisa  (Heiligeiikreuz)  in  1859  the  dift'erence  is  said  to  have 
aiiiomited  to  a  little  over  a  klafter  (  =  1.89(5  metres)  but  this  must 
havL'  l)(_'i'ri  diu-  t<>  the  exceptionally  heavy  rains. 

In  18(jl  at  a  zeriba  on  the  west  bank  of  the  river  at  the  northern  end 
of  Chir  Island  in  latitude  6^  N.  von  Harnier'  notes  on  17th  April  a 
sudden  rise  of  the  river  of  several  feet,  the  water  being  of  a  reddish 
colour,  which  flooded  all  the  low  lying  land  ;  on  the  next  day  the  river 
fell  equally.  On  May  11  the  river  began  to  rise  markedly,  being  reddish 
in  colour  and  carrying  reeds  and  drift  wood. 

At  Kenisa  on  tlic  22nd  September  1861  the  river  was  still  rising 
and  did  not  begin  to  fall  till  10th  October. 

In  this  year  when  von  Harnier  was  at  Kenisa  it  is  stated  that  the 
whole  coimtry  was  flooded,  the  missionarj-  station  being  left  as  a  small 
island  in  the  water. 

In  187:?  Sir  S.  Baker-  recorded  the  water  level  at  Gondokoro  from 
December  1871  till  November  1872  ;  the  lowest  water  occurred  in  the 
first  days  of  April,  and  the  highest  at  the  beginning  of  September. 
The  mean  water  levels  were: — 


1871. 

metres 

1872. 

uiftres 

December    . . . 

0-9.^ 

June     

0-81 

1872. 

July      

I'U.T 

January 
February 
March 

o-s;) 

Au^'ust 

Sejitember  ...      . 
October 

1-31 

1-47 

1-24 

April     

()•]'> 

November    ... 

1-(I9 

May      

0-4G 

Greatest 

ran. 

re=^l-:]2  m.  ' 

In  1874  Lieut.  Watson  K.E.  ^  noted  that  the  level  of  the  river  at 
Gondokoro  on  19th  November  was  2ft.  (Jin.  (  =  0'75  metre)  below 
the  maximum  of  that  year. 

In  the  years  187(5,  1877,  1878,  regular  observations  were  taken  at 
Gondokoro,  and  the  curves  are  given  by  Chelu  : — ^ 


1 

Year*           Lowest  St  ace 

Gauge 

Highest  Stage 

Gauge 

Raxge 

1876 
1877 

1878 

About  April.  1     . . 
..       (5     . . 

.,       1     .. 

1)1. 

—0-02 
-0-11 
+  0-21 

September.  1. . 
Au-rust,       It!.. 

;.       22..   .. 

III. 

+  2'()2 
1-4.5 
2-30 

111. 

2M»2 
1*50 
2-09 

1  I'.t.  Mitt.   ErgaiizuM-sheft  II.,  pp.  138-140. 

2  I'et.  .Mitt.  1875,  p.  343. 

3  Lsmailia  I.,  p.  31i;  gives  the  rise  up  to  30  .July  1871  lis  4  ft.  6iu.^l-37  metres. 

*  M.S.  Notes  of  liis  survey  of  the  White  Nile  and  Bahr  el  Jelwl  kindly  lent  liy  him. 

5  "Le  Nil,  Le  Soudan,  L'Egypte,"  Paris,  1891,  p.  13.  (Communicated  to  him  by  Emin  Pasha.) 

<>  Data  taken  from  Chelu's  diagram. 
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In  tlie  \cur  1.S78  the  river  was  exceptionally  liigh  and  tlie  stiitiou 
at  Lado  was  flooded  ;  the  rains  were  late  and  heavy. 

In  1884  Junker  notes  at  Lado  that  on  April  2()  tlic  river  had  at  la.st 
risen  a  little. 

The  results  of  the  reiidings  of  the  gauges  erected  in  lUUl  and  subse- 
(juently  are  as  follows  : — 


Yeab 

Lowest  Stage 

liAUGi: 

Highest  Stage 

Gauge 

Range 

I'.lOl 
l'.H)2 
1903 
11104 

Fohruarv  27-2S   . . 
June  2;}"        ..      .. 
April  4-10     ..      .. 
Ft'hruarv  2(5. . 

III. 

— 0'()6 

-0-13 

0-48 

1-48 

August  2() 

.,       24      ..     .. 
Sci.t.'ml)er  23,24.. 
August  24     . . 

111. 

i-2r) 

1-7.-) 

2-'.i(; 

3-10 

III. 

1-31 
1-88 
2-48 
1m;2 

Collecting  these  various  data  we  can  form  a  fairly  accurate  estimate 
of  the  average  range  of  the  river  at  Gondokoro. 
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1902. . 
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At  Gondokoro  gauge  readings  exist  since  1900,  but  the  gauges  have 
been  lost  or  moved  on  several  occasions,  and  corrections  have  to  be 
applied  to  make  the  readings  of  (hfferent  years  comparable.  A  sloping 
teak  gauge  was  fixed  on  April  i),  l!)()o  and  since  then  tliis  has  been 
regularly  in  use.  As  there  is  no  little  confusion  in  consequence  of 
the  various  changes,  the  following  history  of  this  gauge  is  given. 

Observations  were  counnenced  here  on  6th  December  1900  after 
those  which  had  been  tiiken  further  up-stream,  at  Fort  IV-rkeley  from 
1st  September  1899  to  2nd  December  1900  were  discontinued.  The 
gauge  was  a  light  wooden  rod  graduated  in  feet  and  inches.  This  may 
be  called  gauge  A. 

On  March  27,  1901  a  more  substantial  gauge  of  sheet  iron  screwed 
to  a  wooden  upright,  which  was  strutted  from  the  bxnk,  was  fixed  at 
the  time  of  Sir  W.  Garstin's  visit.  '  Tiiis  may  be  called  B  and  was 
divided  into  metres  and  centimetres. 
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Oil  tlie  13th  November  1U02  this  was  knocked  down  in  the  night 
and  lost,  and  another,  C,  was  erected  on  18th  November  1902  which 
was  irraduated  in  feet  and  inches. 

To  avoid  the  uncertainty  caused  by  such  frequent  changes  of  gauge, 
on  April  9,  lOO;-?,  a  sloping  baulk  of  teak  was  fixed  parallel  to  the 
slope  (jf  the  bank  and  firudy  anchored  back  into  it,  so  as  to  be  out 
ol'  tlic  way  of  boats  and  hippopotami.  This  baulk  is  graduated 
metrically  ami  lias  a  mark  at  each  5  centimetres.  It  is  fixed  at  aslope 
of  60°  so  that  its  readings  require  to  be  nudtiplied  by  0"8G(5  to  reduce 
them  to  vertical  metres. 

These  changes  may  be  tabulated  as  follows: — 


IN   USE 

Gauge 

Fium 

T.. 

Reading 

A 

B 

C 
D 

(■)  Deceinlx'i 
2S  March 
1(S  Novcinhc 

8  April 

•  IIHK) 

11101 

■11102 

iito;5 

27  March 
12  Nf)V(Mnl)(' 
8  Ajiril 

to  date 

11101 

•  11102 

11)03 

Feet  and  inches. 

Metric. 

Feet  and  inches. 

Metric. 

Thus  there  has  been  a  constant  record,  except  from  13tli  to  l.Sth 
November  1902.  The  correction  of  these  different  series  of  gauge 
readings  with  one  another  is  therefore  important. 

On  April  9,  D  gauge  was  erected  and  read  ()'48  metre  or  1  ft.  7  in. 
while  the  ('  gauge  which  it  replaced  read  4  in.,  thus  the  readings 
of  C  gauge  require  an  addition  of  O'oS  metre  to  reduce  them  to  those 
of  D  gauge. 

A  difficulty  arises  now  in  connecting  B  gauge  with  C  in  conse<pience 
of  till!  interxal  of  5  days  between  the  loss  of  B  gauge  and  the  erection 
of  C  gauge. 

The  recorded  readings  converted  to  metres  are  as  follows: — 


lit02 

10  Novcnihcr... 

n  

12  „         ... 

l.S  „         ... 

lit  „         ... 

20  


metres 

i-:?7 

1-42 
l-.^0 
0-86 
0-84 
0-84 


Thus  torc(liic('  the  B  gauge  reiidin^s  to  the  C  "•au'>:e  the  correction 
will  be  0'()4  metre  if  there  was  no  fall  or  rise  of  the  river  between 
12th  and  the  18th  of  November. 

The  observer,  has  stated  that  he  believes  the  river  was  stationary 
between  these  dates,  but  no  note  was  made  at  the  time.       On   the 
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Miticli  2S,  U)01  B  ofauii'e  was  fixed  and  read  0'80  metre  wlien  A  •ranj'e 
was  reiidiiiir  1  ft  (iA-  in.  thus  the  correction  to  correct  its  reading's  to 
those  of  B  gauge  is  O'lG  metre. 

These  corrections  are  given  in  the  following  table: — 


(■(IliliErTIO.NS  TO    HEDUCB  TO 

Uauge 

A 

1! 

c 

i> 

A 
B 
C 
D 

0"-(X) 

+o-»-i(; 

+  0-"-8U 

+(r-i2 

+(rMi4 

+  0"'-20 

—  0"'S(l 

-(r-38 

-()°>-42 
-(r-2(; 
+  U"'-38 

0"-00 

1 

Tliere  is  reason  to  believe,  however,  that  the  river  must  have  fallen 
in  the  interval  between  gauges  B  and  C.  The  amount  of  the  fall 
necessary  to  render  the  discharges  which  were  taken  in  1901-2-3 
consistent,  is  0'287  metre.  Since  the  river  is  falling  in  general  in 
Xovember,  it  is  probalile  that  its  level  Avas  not  mainrained  constant 
between  sfauires  B  anil  C.  .Moreover  observations  made  by  the  tlood 
discharge  party  in  1908  at  Mongalla,  Lado  and  Gondokoro  show  that 
the  difference  in  k'\el  between  the  1902  and  1903  floods  was  about 
0-90  metre,  wheniils  the  difference  on  the  gauges  is  1-24  metres  ;  thus 
additional  correction  of  about  +  0"80  metre  to  gauge-readings  on  B  and 
consequently  A  is  thereby  indicated. 

A  sudden  drop  is  shown  by  the  Gondokoro  gauge  resxdings  on  the 
lst-4th  December  1903  '  which  has  since  been  found  to  have  been  due 
to  an  error  of  reading  and  all  readings  subseijuent  to  this  date  require 
a  correction  of  -I-  N()  centimetres.  On  December-  1,  1!)03  the  reading  of 
the  vertical  height  of  the  river  was  T""  metres  and  on  the  4th  it  is 
given  as  0"89,  or  88  centimetres  lower  though  before  and  after  these 
dates  the  river  was  practically  stationary.  ^loreover  no  such  fall 
was  shown  by  either  the  Wadelai  or  Mongalla  gauges. 

On  Plate  X  the  curves  jilotted  from  the  gauge  readings  at  Gondokoro, 
Mongalla,  and  Ghaba  Shambe  show  well  the  general  character  of  the 
river's  flood;  the  sudden  flushes  due  to  rainstorms  in  the  eastern  hills 
raise  the  water  level  rapidly  at  Gondokoro  and  Mongalla,  but  long 
before  Ghaba  Shambe  is  rejiched  their  effect  is  lost  in  the  numberless 
channels  which  intersect  the  flood  plain,  and  in  the  middle  reaches  a 
steady  rise  due  to  the  local  rainfall  is  the  result.  Peney  from  his 
own  discharge  observations  south  of  Gondokoro  at  the  Makedo  rapids 
deduced  a  discharge  at  low  stiige  of  330  cubic  metres  per   second, 


'  Report  on  the  Upper  Nile.     Plan  IV. 
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a  result  which  Lomburtliiii '  re  visaed,  and  considered  bd'J  cubic  metres  per 
second  to  1k'  a  more  probable  value,  a  result  remarkably  Ijorne  out  Ijy 
recent  investigations. 

To  study  the  hydrograi)hy  of  this  part  of  the  ri\er  it  is  convenient 
to  consider  it  in  three  sections  which,  though  not  sharply  distinct  from 
one  another  where  they  join,  do  on  the  whole  present  characteristics 
more  marked  in  one  reach  than  in  the  others.  From  Gondokoro  to 
Bor  there  is  a  large  volume  of  water,  straighter  reixches  with  less 
tendency  to  meander,  well  defined  banks  from  1  metre  to  l"o  metres 
above  low-stage  water  level,  deposits  of  coarse  sand  and  even  gravel  in 
the  southern  parts,  while  at  each  change  of  direction  a  bank  of  coarse 
sand  is  deposited  in  the  slack  water  on  the  concave  side  of  the  stream- 
licnd.  From  Bor  to  Hellet  Nuer  the  river  meanders  excessively  as  it 
winds  across  its  flood  plain  ;  sandbanks  are  infrequent  as  the  flood  waters 
have  dropped  the  greater  part  of  their  load  before  this,  but  small 
bends  are  rapidly  modified,  every  year  witnessing  .slight  changes, 
though  the  general  shape  of  the  larger  bends  are  maintiuned;  banks 
are  from  O'o  to  O'S  metre  above  low  stage  le\el.  The  Hood  rise  is 
gradual  and  slow  as  the  Ghaba  Shambe  gauge  shows. 

From  Hellet  Nuer  to  Lake  No  the  water  carries  no  appreciable  load 
and  the  rise  in  flood  is  very  .sliglit  though  the  action  of  the  Sobat 
flood  water  (see  p.  141)  raises  the  level  slightly  for  some  distance 
from  Lake  No.  Generally  sj>eaking  the  river  here  carries  an  almost 
constant  volume  throughout  the  year,  and  has  therefore  eroded  a  suit- 
able section  which  it  has  no  tendency  to  change,  and  the  comparison 
which  has  been  made  above  shows  that  the  bends  have  changed  but 
little  in  the  last  30  years.  The  banks  are  low  but  there  is  no  erosion 
to  speak  of  since  the  volume  and  velocity  are  almost  constant  and  as  it 
carries  no  load,  even  in  the  rainy  .season,  there  is  no  builduig  up  of 
banks  by  de]K)sit  from  its  flood  waters. 

Reliable  data  of  the  volume  passing  down  the  river  are  furnished  by 
tlie  series  of  measurements  tiiken  during  the  past  four  years '  both  at 
low  stage  and  during  the  flood  .season,  and  sections  of  the  river  where 
they  were  made  are  given  on  Plate  VIII.  The  black  portion  shows 
the  section  drawn  to  true  scale. 

In  the  Gondokoro — Bor  reach  these  have  been  taken  just  upstream 
of  Ladi>,  at  .Moiigulla.  and  above  Bor  close  to  the  site  of  the  camp  of 
theilervish  Emir  Arabi  Abelalla,  thus  f  urnishin";  a  series  over  a  lenjrth 
about  160  kilometres  of  river.     At  Lado  iilone  is  it  certain  (when  the 

•  "Eesai  8ur  Vhydrologie  du  Nil,"  Milan,  1865,  p.  39. 
«  A  report  ou  the  Upper  Nile,  1904,  p.  H9. 
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volume  of  11  small  channel  has  been  addeil)  that  the  whole  river  has  been 
measured,  west  of  both  the  Monualla  and  Bor  main  cliannels  there  are 
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since  all  availalile  evidence  seems  to  shows  that  when  no  gauge  existed  from  Il-lS  Xovenilier  1!I02 
the  river  fell  liy  this  amount. 

To  four  of  these  discharge  the  volume  of  a  small  channel  ca^t  of  tlic 
main  stream  has  to  be  added. 
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that  of  1!)04  being  measured  ;it  a  ditfercnt  point  to  the  others.  Com- 
paring the  volumes  discharged,  1903  a  year  of  heavy  rainfall,  shows 
the  highest  value  but  that  of  Angu,st  1904  nnist  have  been  larger  as 
the  gauge  readings  were  higher  on  account  of  the  much  higher  level 
of  lake  Albert  in  this  year  and  consequently  the  increased  discharge 
from  the  lake  as  the  Wadelai  gauge  records. 

Scouring  of  the  bed  in  1908  to  the  extent  of  one  metre  at  the  point 
where  the  measurements  M'ere  made  near  Lado  has  been  assumed  ' 
though  it  is  not  clear  on  what  ground,  for  while  the  mean  depth 
increased  from  4Mi2  to  .^■()0  metres  the  gauge  reading  increased  from 
0"85  to  2'03  metres,  an  even  greater  amount,  and  the  flooding  of  the  island 
opposite  the  Belgian  station  of  Lado  fully  bears  out  the  exceptional 


'  Willcocks.     "The  Nile  in  1U04.'     London,  1'.I04,  p.  23. 
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height  of  the  river.  It  is  probable  that  deposition  of  sand  and 
gravel  would  be  greatest  at  the  end  of  Septeinljer  and  in  October 
when  the  river  commences  to  fall  and  waters  coming  from  the  reaches 
upstream  wlicic  the  grade  is  high  would  lose  nmch  of  their  load  in 
the  first  reach  of  low  grade  especially  on  a  falling  stage.  In  April 
1903  the  Lado-(i<)ndokor()  reach  was  much  more  difficult  for  navigation 
than  in  1901  although  the  water  level  as  recorded  on  the  ffaujre  at 
Gondokoro  was  higher. 

On  the  basis  of  the  discharges  which  have  been  measured  near  Gon- 
dokoro a  proxisional  discharge  table  '  was  worked  out  but  it  cannot 
be  regarded  as  reliable.  It  is  based  upon  three  discharges  measured 
at  low  stage  about  the  beginning  of  April  in  1901,  1903  and  1904  and 
on  two  others  measured  at  flood  .stage — 1902  and  1903,  but  these  data 
are  too  few  to  control  the  values  corresponding  to  intermediate  readings 
of  the  gauge  between  the  lowest  and  highest.  The  rapid  rises  and 
falls  due  to  sudden  floods  comiTig  down  the  larger  tributaries  complicate 
the  question  since  a  larger  volume  passes  on  a  rising  stage  rather  than 
on  a  falling  one  for  a  given  gauge  reading. 

At  Mongalla  32  kilometres  below  Lado  the  main  channel  was 
Ciirrying  204(i  cubic  metres  per  second  September  14,  19U3  so  that 
up  to  this  point  there  was  no  great  diminution  of  volume,  but  by 
the  time  Bor  is  reached  it  has  greatly  decreased  and  the  rise  and  fall  of 
the  river  level  is  slow  and  regular,  no  rapid  variations  being  shown  : — 
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In  the  middle  reach  three  di-scharges  have  been  published  up  to  the 
present  time. 
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Here  a  large  reduction  of  volume  has  taken  place  and  the  waterdevel 
rises  slowly  to  a  maximum  in  September  (see  Plate  X);  the  actual 
volume  in  the  main  stream  will  \ary  frt)m  year  to  year  according  to 
the  amount  which  the  side  channels  mav  be  carrving. 


1   Mr.   I.I.i'iaig — .\|iiu'iiilix   IV  of  Report  on  the  tTpper  Nile.     Cairo.  litiM. 
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III  the  third  reach  from   Hellet  Nuer  to  Luke  No   tlie  vohiiiio  of 
water  show.-;  hnt  httle  variation. 
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In  April  IS.")!*  de  Malzac'  lueasured  the  JSahr  cl  JeltL-l  above  its 
junction  witli  tlie  Bahr  el  Ghazal  and  found  it  1S7  metres  wide  and 
5"7")  metres  for  the  mean  depth.  10  soundings  at  10  to  1  (!  metres 
interval  were  taken;  this  together  with  the  veloeity  recorded,  l'()6 
metres  per  second  would  give  a  disehargi'  of  \22V}  cubic  metres  per 
second  which  is  incredible,  but  if  the  velocity  be  halv(!d  the  discharge 
is  still  abnormal.  Petherick  on  .\pril  L\"),  ISd,")  made  the  volume  dis- 
charged to  be  235  cubic  metres  ])er  second. 

At  Hellet  Nuer  in  September  1902  Mr.  J.I.  Craig  eollected  a  sam])lc 
of  water  which  was  subseipiently  analysed  in  the  laboratory  of  the 
Survey  Department.  " 
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I  Bull.  Geog.  Soc,  Piu-is,  1862,  p.  219. 

8  By  Mr.  A.  Lucas. 

*  Sample  too  small  for  dftiTiiiiiiatioii. 

1        »        »        »       u  i>  hut  botli  were  present. 

5  .\s  actually  deteriuiiicil. 
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Bahr  el  Zaraf. — The  Bahr  el  Zaraf  has  always  been  treated  as  if 
it  were  a  true  branch  taking  <jff  a  share  of  the  Bahr  el  Jebel  but  it  is 
permissible  to  doubt  whether  this  is  strictly  the  case. 

It  seems  very  doiil)tf(il  ii"  "sadil"  bidcks  in  the  Bahr  el  Jebel 
have  ever  diverted  its  water  in  any  (juantity  to  the  Bahr-cl-Zaraf. 
Kecords  of  such  oljstructions  are  few  but  it  is  known '  that  only 
in  1879  was  the  main  channel  blocked  near  Ghaba  Shambe,  and  in 
1879  and  again  of  late  years  at  Ghursa  el  Kilab,  a  point  just  up 
stream  of  Hellet  Nuer  ;  but  neither  Emin  Pasha  in  1879  or  the  Sudan 
Government  steamers  in  recent  years  found  any  serious  difficulty  in 
passing  these  obstacles  by  side  channels  or  the  lagoons  formed  l)y 
the  flooded  areas  of  swamp.  In  cither  case  there  seems  no  reason 
to  suppose  that  much  water  was  diverted  to  the  other  stream,  and 
certainly  neither  Baker  in  1870  and  Hein-i  in  1900  found  their 
passage  through  the  intervening  swani])s  much  facilitated,  when  the 
Bahr  el  Jebel  was  blocked. 

In  the  net-work  of  channels  which  intersect  the  swamps  eastof  Ghai)a 
Shambe  there  have  always  been  some  which  have  carried  water  into  the 
low  ill-defined  swamp  area  which  supplies  the  upper  part  of  the  Bahr 
el  Zaraf  with  its  water  ;  ^  at  times  some  one  channel  may  possibly  have 
been  scoured  out  when  the  r>alii-  el  Jebel  has  been  blocked  l)y  sadd  near 
this  point,  sufficiently  to  comiect  the  Bahr  el  Jebel  and  the  B>ahr  el 
Zaraf  by  a  navigable  waterway  but  no  record  exists  of  such  a  state  of 
things  except  when  Sir  S.  IJaker,  on  his  return  in  June  1878,  found 
that  the  channel  which  he  had  cut  in  1871  was  still  open.  When  Com- 
mandant Henry  in  1900  passed  up  the  l>ahr  el  Zaraf  and  into  the  Bahr 
el  Jebel,  he  had  the  greatest  difficulty  in  doing  so,  having  to  traverse 
channels  but  a  metre  or  two  wide,  and  at  other  points  open  sheets  of 
water  only  20  centimetres  deep,''  though  the  Bahr  el  Jebel  was  blocked 
at  the  time. 

It  has  a  meandering  course  of  about  340  kilometres  but  for  the  last 
oO  kilometres  it  can  no  longer  be  recognizeil  as  a  river  amid  the  kigoons 
and  minor  water-chaimels  which  intersect  the  low-lying  plains.  Its 
banks  do  not  rise  above  the  general  level  of  the  plain  as  they  would  had 
it  been  a  silt-carrying  river,  and  indeed  there  is  no  part  of  its  course 
where  there  is  anv  considerable  erosion  going  on  for  it  to  obtain  a  load 
except  what  a  rainstorm  may  wasli  in;  starting  from  shallow  swamps 
it  flows  down  the  slope  of  the  country  and  like  many  similar   streams 


•  p.  138. 

*  Fjiddell.  Geog.  Jour.  Dec.  1904  p.  (i.il  and  Keport  on  the  I'pper  Nile  Ap|iondix  VI. 
s  Hull.  Soc  Ktu<ips  Coloninlrs  l!i02.   Nos.  1-11.  Brussels  1902. 
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on  the  alluvial  ])lains  oast  of  the  Bahr  el  Jebel  and  south  of  the  Sobat, 
it  has  cut  down  directly  into  the  sandy  alluvium  sufficiently  deeply  to 
carry  its  ordinar^•  \-olunie.  This  erodiiijif  action  is  probably  assisted  in 
its  early  stage  by  the  iieavy  storms  of  rain  which  fall  verj'  locally, 
floodinfif  the  lower  Ivinir  depressions  wliich  are  drained  off  into  these 
surface  streams  like  the  Bahr  el  Zaraf,  the  Khor  Filiis,  and  tlie  ui)per 
PilK)r;  if  the  area  which  can  be  so  drained  is  large  the  stream  soon 
scours  a  well  defined  channel  lor  itself.  But  such  rain-water  draining 
from  open  flooded  plains  can  carry  no  large  load  of  silt,  so  that  it 
is  erroneous  to  say  that  the  Bahr  el  Zaraf  once  carried  water  other 
thanthat  brought  down  by  Bahr  el  Jebel  since  it  has  banks  of  solid 
earth. " 

These  banks  were  not  formed  by  the  present  stream  but  are  part 
of  the  great  alluvial  flood  ])lains  formed  from  the  destruction  of  the 
old  }>lateau  to  the  south,  of  which  Jebel  Zaraf  is  no  doubt  an  outlier; 
and  they  were  laid  down  before  th(  present  stream  connnenccd  to 
flow. 

At  the  time  (1840)  of  the  ex])editions  sent  by  ^lohanuned  AH  to 
discover  the  sources  of  the  Nile,  no  mention  is  made  of  this  tributary,  but 
its  mouth  may  have  been  screened  by  vegetation,  nor  is  it  mentioned 
by  Knoblecher  in  IS  111.  In  December  18o3  Petherick'-'  described  this 
river  at  its  mouth  as  about  half  the  size  of  the  Sobat,  that  is  about  45 
metres  wide.  Between  that  time  mid  ISGl  it  was  well  known  to  the 
ivory  hunters  an<l  slave  traders  whose  men  traver.sed  its  wliole  length 
and  found  no  difficulty  in  taking  boats  up  it.  ^ 

The  earliest  measurement  of  it  that  we  have  is  by  de  Malzac  ■*  on 
thetheoth  April  ISoK  :— 

Distance  from  left  Imiik  in  metres 
Depth,  in  metres 

giving  a  sectional  area  of  24"4  sq.  metres  while  the  velocity  was  21"3.5 
metres  per  minute  or  0"."i5(i  metre  per  second  ;  wliich  correspomls  to  a 
discharge  of  8-7  cubic  metres  per  second.  It  was  therefore  at  this 
time  little  more  than  a  drain  for  the  rainy  season. 

In  1863  Petherick  measured  a  discharge  also  in  April,  and  obtained 
a  result  of  1655  cubic  feet  or  47  cubic  metres  per  second.    Both  of 

'  Willcocks.   "The  Nile  in   l!t(l4,"  p.  3(i. 

2  Epypt,  Sudan  aiul  Central  Africa,  p.  3li) . 

3  Bull.  Sdc.  Geog.  V.  3  p.  49  I'aris  1«()2. 
*  Bull.  Sw.  Geog.  IV.I,  .June  Paris  l«(i2. 
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these  discliargcs  were  apparently  measured  near  the  junction  with  the 
White  Xile. 

On  1th  -hinnary  liS(i.'^  liaker'  describes  it  as  a  small  river,  while 
Hengliir'  (jn  ord  F('l)ruary  1863  remarks  that  little  is  to  be  seen 
of  the  Pialir  el  Zarat'  when  passing  its  mouth.  It  is  not  therefore 
admissible  to  sav  that  the  Bahr  el  Zaraf  did  not  exist  in  1840 
because  Werne  did  not  notice  its  mouth  in  passing,  still  less  to 
assume  that  it  was  formed  by  the  spills  and  branch  channels  of 
the  Balu"  el  Jebel  being  widened  and  deepened  by  the  negroes  as  a 
measure  of  protection  against  the  slave  traders,''  on  the  strength 
of  a  rumour  recorded  by  Werne  *  that  the  river  had  been  blocked 
below  the  expedition.  It  had  probably  dwindled  temporarily  to  an 
unimportant  stream  as  rain  had  been  feeble  for  several  years;  its  junc- 
tion with  tlie  White  Nile  was  prol)al)ly  hidden   by  reeds  and  grasses. 

A  few  \ears  later  the  sadds  in  tlie  A\'liite  Xile  between  the  mouth  of 
the  Iklir  el  Zaral'  and  Lake  No  and  in  the  Bahr  el  Jebel  iiad  become  so 
formidable  that  the  traders  were  compelled  to  pass  up  the  Bahr  el  Zaraf 
to  reach  the  the  ujyper  reaches  of  the  Bahr  el  Jel)el.  In  1870  Sir 
Samuel  leaker  had  to  follow  this  route,  but  by  this  time  the  channel 
had  become  larger.  On  17th  February  1870  he  found  if  at  its 
junction  witii  the  White  Nile. 

180  feet  or  o4  metres  in  width, 

11)  feet  or  5'7  metres  deep  and  flowing  with  a  velocity  of  3^  miles 
per  hour  or  1"56  metres  j)er  second.  From  this  has  been  deduced  a 
sectional  area  of  about  230  square  metres,  and  an  approximate  discharge 
of  about  3(50  cubic  metres  jier  second.  At  this  time  the  water  level 
was  o  feet  or  I'.o  metres  below  the  marks  of  high  water. 

But  this  discharge  of  1870  would  be  an  abnormally  large  one  com- 
pared with  the  others  which  have  been  taken  and  the  explanation 
appears  to  be  that  the  de])th  given  is  the  maximum  and  not  the  mean 
depth.  On  March  IG,  1903  the  maxiininn  (le])th  waso"2  metres,  and 
the  mean  depth  3"G  metres  so  probably  3'o  metres  may  be  taken  as 
ample  for  the  mean  depth  in  this  case.  The  velocity  is  given  as  3|- 
miles  an  hour  which  has  the  look  of  an  estimated  velocity  rather  than 
a  mefisiu'ed  one  and  may  easily  be  too  high  ;  indeed  if  compared 
with    even    the    low    stage  velocities  of  the  lower  part  of  the.  l)ahr 


•  Albert  Nyanza,  p.  31 . 

2  "Reisp  in  das  Gebiet  dos  Weissen  Nil,"  Leipzig  ISCO.  p.  '.lO. 

^  "The  Aswan  Diiiii  nnd  nftor,"  p.  16. 

«  The  White  Nile,   I,cindoii   l.'<49. 

s  I'ft.  Mitt.   1S71,  p.  2X 
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el  Jebel  when  free  from  sadd,  and  when  the  Sobat  is  not  hold- 
ing back  its  water  1"56  metre  per  second  for  the  Bahr  el  Zaraf 
seems  far  too  high  as  compared  with  0"7  and  0'8  metre  per  secontl  for 
the  Bain-  el  Jehol.  If  we  take  3'o  metres  as  the  mean  dopth  and  0'(i 
metre  per  second  as  the  velocity,  the  discharge  will  be  abont  113  (•ul)ic 
metres  per  second,  a  much  more  probable  value  when  we  remember 
that  the  Sobat  was  bank-full  on  February  17,  1870,  and  running  with 
so  strong  a  stre^mi  that  the  Xile  water  was  dejid  for  some  distance 
above  the  junction.'  This  observation  is  borne  out  by  the  fact  that 
the  Nile  at  Aswan  in  Sej)tember  and  October  was  more  than  a 
metre  above  the  average  showing  that  autumn  rains  in  Abyssinia 
were  very  heavy. 

In  latitude  7°  47'  4(5 "N  Baker  found  the  river  conipletelv  blocked  with 
thick  gi-ass  and  other  vegetation  and  finally  he  was  obliged  to  return 
to  the  mouth  of  the  Sobat  till  after  the  rainy  season. 

Ill  March  1871  he  found  however  the  channels  comnnmicatinfj  with 
tlie  lialir  el  Jebel  were  choked  with  vegetation  and  shallow,  and  had 
immense  difficulties  in  cutting  a  way  through  lor  his  vessels.  On  his 
return  he  found  that  the  channels  were  still  open  in  June  1873  and 
though  narrow  had  deepened  considerably." 

Mariio  in  187!)  .steamed  up  the  Bahr  el  Zaraf  and  made  what 
is  still  the  Ijest  existing  map  of  the  river.  '  From  the  mouth  as 
far  as  the  site  of  the  former  zeriba  of  Kutchuk  Ali  lat  8°  20'  N. 
liotli  Ijanks  are  sparsely  wooded,  but  above  this  there  are  only  deleb 
palms  for  another  40  kilometres,  beyond  which  the  swamps  commence 
in  which  there  are  a  maze  of  small  water  channels  and  lagoons 
with  occasional  jjatches  of  higher  ground  (m  which  a  f'c\v  acacia 
bushes  grow  amongst  the  rank  grass.  In  the  rains  much  of  the  plain 
through  which  the  river  flows  is  flooded,  and  in  1900  Sir  \V.  Garstin 
saw  marks  of  the  ])lains  having  been  jireviously  flooded  to  a  depth 
of  one  metre.  * 

Major  Liddell  also  notes  that  in  inarching  from  the  Sobat  to  the 
Bahr  el  Jebel  several  shallow  depressions  which  are  flooded  in  the 
rains  were  passed.  These  taken  in  connection  with  Marno's  maj)  of 
the  Bahr  el  Zaraf  show  that  low  ground  drains  towards  the  river  from 
the  south-east  as  indicated  on  Plate  XL,  where  the  wide  area  of  marsh 
which  supplies  this  river  is  approximately  indicated. 


1  Jour.  Roy,  Geog.  Soc,  187-t,  p.  38. 

2  Ismailia  II,  480. 

3  I'et.  Mitt.,  1881,  p.  417,  see  also  1873,  p.  l.SO. 
*  lleport  on  the  Upper  Nile,  p.  127. 


PLATE   XII. 


SECTIONS  OF  THE  BAHR  EL  GHAZAL  AND  BAHR  EL  ZARAF 


BAHR  EL  GHAZAL  No.  1       33  Km.  from  mouth    31  •  8    02. 


BAHR  EL  ZARAF  No-   1        96  Km.  from  mouth     25    3    00. 


''^^ 


,^^ 


R. 


No.  2       60  Km.  from  mouth       8    5  ■  03. 
L.  R. 


No.   3       About  20  Km.  from  mouth     16-403. 

L.  R. 
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In  Septemoer  1902  a  sample  of  water  was  collected  by  Mr.  J.  I.  Craig 
15  kilometres  from  the  mouth  and  analysed  in  the  laboratory  of  the 
Survey  Department. ' 


Riisiipiideil  matter 


Di-ssolved  matter 


Or^'anic  matter      

Mineral  matter      

Total  susponde*!  matter     .. 

'  Actual  or  ?<iline  ammonia        

Ammonia  from  orjranic  matter 
Siliea      ...     ...     

I  Iron  anil  aluminium  oxides     

1  Lime      

Mai,rnesia       

J8ul|ihiiric  acid     
Nitric  acid    

Nitrous  acid 

Ciiloriue        

Potash  and  soda'        

\  Carbon  dioxide  and  or^junic  iiiattci- 

Total  dissolved  matter  *  .. 


Constituents 
per  million  psirts. 

...  2-4 

...  61-8 

...  64-2 

...  (CKKI 

...  0-34() 

...  3.S-80 

...  40O 

...  2.5-30 

...  17-40 

. . .  Trace 

...  ^, 

...  Nil 

...  f>-% 

...  not  cletd 


...  220-00 

A  number  of  discharges  liave  been  measured  in  recent  years  but 
all  show  the  Bahr  el  Zaraf  to  be  an  unim|  ortant  stream  and  bear  out 
the  conclusion  arri\-ed  at  above  that  in  Baker's  time  the  volume 
disciiarged  was  in  all  probability  between  100  and  150  cuV)ic  metres 
per  second. 


Volume  dischar(;ei) 

BY  THE 

B.\HH  KL  Z.\RAF. 
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*  Seep.  11'.).  t  Siirfaie  veldcity.  Jill  Near  mouth. 

•  By  Mr.  A.  Lucas. 

'  Sample  too  small  for  deterinination. 

S        ..        „        „        .,  „  but  both  were  present. 

*  .\s  actually  determined. 

s  Bull.  Geog.  Soc.  Paris,  IHiiS,  .Tune. 
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It  is  certainly  incorrect  to  consider  the  Bahr  el  Zaraf  as  a  branch  of 
the  main  stream  analogous  to  the  bifurcations  which  take  place  in  the 
deltas  of  silt-carrying  streams  where  the  main  stream  builds  up  banks 
pariillol  to  its  course  by  the  deposition  of  its  silt,  until  finally  the  flood 
j)liiins  further  from  the  n)iiin  cliiiniiel  lie  at  a  lower  level  than  the  flood 
level  of  the  river.  Tf  these  banks  are  l)reached  an  arm  of  the  river  is 
formed  which  flows  through  these  lower  lands  to  the  sea,  l)ecomes 
pernianentl}"  an  arm  of  the  main  stream,  and  gradually  builds  up  its 
own  banks  in  a  similar  manner.  The  l^ahr  el  Zaraf  sliows  no  sign  of 
having  been  so  formed,  but  rather  that  it  has  cut  its  bed  out  of  the 
alluvial  plains  so  as  to  drain  off  the  ainiuai  rainfall  of  that  part,  which 
it  seems  to  effect  by  discharging  a  volume  which  varies  from  30  cubic 
metres  per  second  in  dry  years  up  to  about  1  70  in  rainy  ones.  But  the 
measurements  taken  in  May  H)04  show  that  if  the  water  level  at  low 
stage  is  high  in  consequence  of  the  Albert  lake  being  high,  the  marshes 
in  which  the  Bahr  el  Zaraf  rises  are  more  submerfjed  and  a  larjjer 
\'olume  is  drained  off,  while  hea\y  siniuner  rainfall  on  the  marslies  east 
of  Ghaba  Shambe  will  also  give  a  good  suj)ply  at  low  stage,  U)0.5-(J. 

The  Bahr  el  Ghazal. — The  Bahr  el  Ghazal  basin  includes  an 
area  of  about  o51!,l()()  square  kilometres,  made  uj)  of  the  ])rovinee  of 
the  same  name,  the  south-western  corner  of  Kordofan,  and  the  greater 
part  of  Darfur,  but  on  account  of  the  peculiar  ])hysical  conditions  in 
the  area  where  the  run-oft"  finally  collects,  the  rainfall  of  this  great  basin  is 
almost  without  effect  upon  the  Xile.  In  consequence  of  this,  less 
attention  has  been  devoted  to  this])art  of  the  Nile  Basin  than  to  other 
parts,  but  it  is  far  from  being  wanting  in  interest  siTice  it  repeats  in 
its  streams  from  the  south  on  a  smaller  scale  the  same  rapid  transition 
from  a  stream  in  its  hill  stage  flowing  down  a  narrow  rocky  bed  with 
considerable  velocitv,  to  the  level  flood  ])lain  where  it  occupies  a  wide 
and  shallow  vallev  which  in  its  lower  j)ortion  becomes  a  swamp,  flooded 
in  the  rainy  season  as  we  have  seen  in  the  Bahr  el  Jebel.  The  basin 
is  bounded  on  the  east  by  that  of  the  Bahr  el  debel,  while  on  the  south 
side  the  limit  follows  the  Nile-Congo  watershed  to  a  ])oint  somewhat 
west  of  Hofrat  el  Nahas  ;  from  this  point  it  runs  almost  north  for  about 
,").iO  kihiuietres  through  .Jebel  ]\Iarra.  and  then  turns  south-east  in  a' 
nearly  straight  line  to  lake  No.  Except  Jebel  ilarra  (about  2000 
metres)  the  altitude  of  the  basin  is  everywhere  moderate,  and  only 
rarely  does  the  line  of  the  south  and  south-west  watershed  reach  1000 
metres  above  the  sea. 

The  character  of  the  country  changes  from  south  to  north  from  park 
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pa.'^sing  through  savannah  and  finally  into  steppe  conditions  in 
Kordofan.  All  along  the  southern  limits  of  the  basin  is  a  fertile 
country  with  iiinnerous  groups  of  trees,  especially  near  the  streams, 
the  wood-land  savannah  of  Schimper,'  while  furtlier  north  the  true 
savannah  occurs,  with  trees  growing  in  the  \alleys  of  the  rivers,  the 
"gallery  forests"  of  Schweinfurth  .'■'  In  the  lowest  reaches  of  the  rivers, 
where  owing  to  the  feeble  slope  of  the  country  the  ground  is  always 
watci'-logged,  swam])  vegetation  replaces  the  shrubs  and  trees  of  the 
porous  laterite  soil  of  the  middle  re;iches.  To  the  west  savannah  alone 
occurs,  wliile  north  of  the  Bahr  el  (xhazal  and  Bahr  el  Arab  in  conse- 
cjuence  of  the  rapidl}'  diminishing  rainfall  and  the  increased  effect  of  the 
dry  north-east  winds  which  blnw  for  S  months  of  the  year,  the  savannah 
type  of  vegetation  becomes  more  and  more  typical  of  a  dry  climate, 
scattered  ]>atches  of  thorn  forest  occur  till  at  last  it  gives  places  to  true 
desert,  but  this  lies  outside  the  limits  of  the  Bahr  el  (jhazal  basin. 

The  geology  of  this  part,  so  far  as  it  is  known,  seems  fairly 
simple.  The  gneiss,  more  or  less  granitoid  in  character,  crops  out  as 
low  round  hills,  or  sometimes  as  steej)  crags,  from  the  deposit  of 
laterite  whicli  usually  covers  it,  the  (lecom])ositi(>n  product  of  the 
gneiss  itself.  The  laterite  in  its  more  ferruginous  j)ortions  furnishes 
the  natives  with  an  iron  ore  which  they  smelt  and  work.  At  Hofrat 
el  Kahas  co])])er  occurs  and  is  worked  by  the  natives.  Further  to  the 
north  Jebel  ilarrah  is  a  granite  mass  and  forms  part  of  a  worn  down 
range  of  crystalline  rocks  whicli  extends  through  Kordofan.  The 
lower  portions  of  tin;  basin  are  filled  with  a  sandy  nuid  Avashed  down 
from  the  higher  lands  and  mixed  with  the  carbonaceous  material 
derived  from  the  decay  of  the  swamp  vegetation. 


Climate. — The  climate  does  not  differ  in  the  southern  part  from 
that  of  corresponding  jiortions  of  the  Bahr  el  Jebel,  while  the  northern 
])art  corresponds  rather  with  that  of  Kodok  and  the  southern  portion 
of  the  White  Xile.     At  Wau  alone  have  anv  observations  been  tiiken 


and  these  are  <;iven  in  the  followin"-  table, 


Wau 


August  19()2-,Inlv  l»i:(  j 

and  .June  1904-April  190.">     ) 


.laii.     l-'ch.    JIar.  April    May 


Junr   .fuly    Aug.  Si-pt.    Oi-t 


Mean  Temperature  (Centigrade) 
2.i-7|25'H|29'0|30'4|28-7|2r.-(i|25-2|2.")-(>|2<i-4|2ti-4|2C.  o|24-0|2r.-G 


'  ri:uit  (ii'ograpliy.  Ch.  V. 

2  Heart  nf  Africa,  vol.  1,  p.  .■>04. 
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On  the  laterite  plateau  of  the  Bahr  el  Gliazal  region  a  flry  and  a  wet 
season  are  sharply  demarcated;'  the  rains  cease  in  November,  the  NE. 
winds  coiiinience,  and  the  sky  clears.  This  clear  weather  continues 
throughout  the  winter,  until  May,  when  clouds  begin  to  gather  and  the 
wind  shifts  to  the  south  and  south-west,  while  the  first  showers  of  rain 
fall  and  thunder-storms  are  not  infrequent. 


•  Dyfe,  Ann.  de  Geog.  1902,  p.  324. 
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Duriiiii-  the  raiiis  the  temperature  varies  little,  the  mean  heiiif^  about 
2X"C  while  the  miiiiuia  usually  lie  between  21"  and  24°  and  the  maxima 
between  34°  and  35°,  while  the  humidity  is  high. 

Schweinfurth '  notes  that  in  1870  he  experienced  10  days  rain  in 
July,  12  in  August,  and  10  in  Sei)tember,  but  the  rainfall  was 
extremely  heavy,  and  crops  in  lowdying  areas  were  much  damaged. 

The  observations  of  Dr.  Jiniker,  and  Emin  Pasha,  as  well  as  some 
of  Bohndortt'  and  Casati  have  been  discussed  by  Dr.  A.  Schmidt.'^  For 
the  rainfall  the  number  of  rainy  days  are  given.  However  most  of 
the  places  where  observations  were  taken  lie  just  outside  the  Nile  iiasin. 
Xdoruma  where  Bohndorff  was  from  July  to  December  1<S80  lies  in 
long.  27°  25'  E.,  practically  on  the  watershed  between  the  Nile  basin 
and  that  of  the  Congo;  of  the  other  places,  Ssassa  and  Semio  are  but 
150  kilometres  S.W.  of  the  water  parting  which  is  of  no  height  at  this 
part.  Tangasi  and  CTailde  lie  considerably  further  to  the  south,  neiirly 
in  the  latitude  of  Wadelai. 

All  streams  west  of  the  Yei  river  flow  from  the  Nile-Congo  watershed 
into  the  Bahr  el  Ghazal  or  one  of  the  rivers  which  go  to  form  it. 
Taking  them  from  east  to  west  we  have : — 

Nain-lJiilil  .Ian  Tonj  Molimil 

.lurorSiici  Wan  B()n<ro  Lol 

From  Hofrat  el  Xahas  and  Darfur  comes  the  Bahr  el  Arab,  while 
from  the  north  comes  a  swampy  khor  some  70  kilometres  long  known 
as  Bagabat  el  Seki,  which  is  shown  on  most  maps  as  the  Keilak, 
whereas  this  is  a  tributary  of  the  Bahr  el  Arab. 

The  Rohl,  cidled  the  Aire  in  its  upper  reaches,  rises  in  hit.  4"  30'  N. 
and  flows  in  a  northerly  direction  till  it  meets  the  Bahr  el  Ghazal  about 
30  kilometres  west  of  the  Bahr  el  Jebel.  Junker  followed  the  course 
of  this  river  in  1877  and  crossed  it  at  several  points.' 

In  lat.  4" 40'  N.  it  Avas  10  metres  wide  and  TS  metres  deep  in  May; 
20  kilometres  further  north  it  was  20  metres  wide  when  in  flood, 
rising  rapidly  but  soon  subsiding  again;  in  this  part  of  its  course  there 
are  water-falls  and  several  i-apids  so  that  here  it  is  a  stream  in  its 
mountain  tract.  At  Mvulo  in  lat.  (i°  N.  Schweinfurth^  crossed  it 
December  17  18()!>  and  describes  it  as  flowing  between  banks  G  metres 
high,  a  stream  21  metres  wide,  0"75  metre  deep  and  with  a  velocity  of 


•  Heart  of  Africa  II,  p.  2S1. 

»  Pet.  Mitt.  ErKaiiziiiigsh.-ftf!  H2,  'j:i. 

'  Junker  "Travels  in  Africa,"  1.  pp.  301,  376,  381.  384. 

*  Heart  of  Africa  1.  377. 
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0"o  iiietri!  per  second  ;  it  is  proljably  here  in  its  ^'alley  tract  for  at  the 
end  of  eluly  IN"?  Junker  found  it  (SO  metres  wide  Howinji"  as  a  placid 
stream  between  banks  2  to  3  metres  hi<>li.  About  06  kilometres  lower 
down  at  Ayak  (500  m.')  it  enters  its  plain  tract  and  flows  in  a  bed  some 
40  metres  wide  in  a  valley  flooded  in  the  rains.  Junker  found  it  here 
at  the  end  of  July  1S77  IGO  metres  wide  and  2  to  2'5  metres  deep, 
while  in  the  wet  year  of  1<S79  Felkin*  found  it  40  metres  wide,  3"5 
metres  deep  and  flowing  at  O'o  metre  per  second,  thus  discharging 
70  cubic  metres  per  second,  but  the  flooded  valley  here  seems  to  be 
treated  as  stagnant,  and  not  contributing  to  the  discharge. 

The  Jau  rises  in  lat.  4"  40'  and  flows  nortiiwards;  where  crossed  by 
Schweinfurth  in  lat.  G"  N.  it  was,  in  January  1870,  12  metres  wide  and 
1  to  I'o  metres  dee]>,  but  was  4  metres  deep  in  flood.  It  seems  to 
enter  its  ])lain  tract  about  lat.  7°N.  near  Lang  (470  metres)  and  was 
found  in  Januar}-  1877  by  Junker  '  to  be  180  metres  wide  and  larger 
than  the  Rohl  at  Aj-ak.  Felkin  gives  for  about  the  same  place  in 
October  1879,  40  metres  wide  and  4'o  metres  deep,  flowing  0"75  metre 
per  second.  If  the  mean  depth  be  considered  3  metres  this  would 
correspond  to  a  discharge  of  about  90  cubic  metres  per  second.  When 
crossed  b}'  Felkin  the  country  west  of  this  point  drained  by  the  Khor 
Makaki  was  flooded  to  a  depth  of  from  60  to  150  centimetres. 

The  ri\er  Tonj  rises  as  the  Ibbah  in  lat.  5°  15'  N.  and  flowing  in  a 
ncn-rlierlv  direction  finall}-  joins  the  Jur  to  form  the  Bahr  el  Ghazal  at 
^leshra  Rek.  SchAveinfurth  crossed  it  on  June  24  1870  near  Mborao 
Zeriba  *  where  the  banks  were  high  and  well  wooded  ;  here  the  river 
was  18  metres  wide,  depth  nowhere  less  than  3  metres,  and  the 
velocit\-  about  0'58  metre  per  second,  corresponding  to  a  \olume  of 
31  cubic  metres  per  second.  It  enters  its  plain  tract  in  about 
7°  10'  N.  lat.  near  Jur  Ghattas,  and  was  found  by  Schweinfurth^  in 
April  187U  flowing  between  precipitous  banks  4  meti-es  high,  1  to  2 
metres  deep,  and  some  10  metres  wide;  in  November  it  was  60  metres 
wide,  and  flowing  0"60  metre  j  er  second.  In  the  wet  season®  July 
1870,  he  found  it  30  to  35  metres  wide,  7  to  8  metres  deep,  and 
flowing  0*40  metre  per  second,  equivalent  to  discharging  a  volume  of 
80  cubic  metres  per  second.  The  valley  for  3  kilometres  on  the  left 
bank  was  a  metre  under  water. 


'  Jmiker  ami  Hassenstein   "IVt.Mitt.   Eri.'anzmigslieft,"  93. 
■  t'gaiula  and  the  Sudan  II.  p.  143. 
'  Travels  in  Africa,  Vol.  1,    ]>.  3'J8. 
<  The  Heart  of  Africa,  II.  p.  244. 

5  The  Heart  of  Africa,  I.  p.  181. 

6  The  Heart  of  Africa,  II.  p.  2G9. 
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The  Molmnl  has  a  short  course  rising  but  a  little  to  the  j^outh  of  Jur 
Ghattas  anil  flowing  to  the  Kahr  el  Ghazal  a  little  west  of  Meshra  Rek. 

The  -Jur,  formed  by  the  junction  of  the  AVau  and  the  Suei,  is  the 
principal  tributar}-  of  the  Bahr  el  Ghazal;  of  the  two  the  Suei  is  the 
principal  stream  rising  in  Blount  Baginse  which  has  au  altitude  of  1250 
metres  in  lat.  4^  25'  X.  and  flowing  northwards,  at  first  in  a  ravine 
excavated  in  the  plateau  and  flUed  with  a  dense  growth  of  trees,  while 
on  the  plateau  itself  the  park  or  savannah  type  of  vegetation  prevails. 
l'>\-  lat.  ()■  the  altitude  of  tlie  plateau  has  fallen  to  about  700  metres 
wliile  on  reaching  Wau,  where  it  enters  its  plain  tract,  the  level  is  not 
more  than  450  metres  above  sea  level  and  is  probably  less.  From 
lat.  7°  20'  N.  its  character  begins  to  change  and  the  river  no  longer 
flows  in  its  bed  cut  in  the  plateau,  but  a  broader  valley  opens  out 
which  is  flooded  in  the  rainy  season,  sand  banks  ajjpear  in  the  bed  at 
each  bend  of  the  river,  and  rocks  become  fewer.  B\-  lat.  8°  N.  the 
valley  widens  considerably  and  soon  after  opens  out  into  the  marshy 
plains  of  the  Bahr  el  Ghazal  ;  rocks  no  longer  appear  and  trees  become 
rare,  while  flat  alluvial  deposits  of  sand  and  clay,  on  which  grow  reeds 
and  grasses,  replace  them.  The  Jur  is  navigable  for  part  of  the  year 
only,  its  waters  falling  too  low  in  the  spring  and  early  sunnner  to  admit 
of  the  passage  of  steamers ;  up  to  the  latter  jjart  of  October  however 
steamers  of  light  draus>ht  can  go  about  110  kilometres  above  Wau  at 
which  point  there  is  a  small  rapid;  about  20  kilometres  further  south  a 
ridge  of  rock  prevents  access  to  the  upper  reaches  in  boats.  \ou  Heuglin 
crossed  the  Jur  downstream  of  Wau  on  April  1,  18(J3  and  found  the 
water  surface  160  metres  wide,  floAving  between  banks  4  to  5  metres 
iiigh  with  a  velocity  of  about  0'4  metre  per  second.  Felkin  crossed  both 
trilmtaries  a  short  distance  above  the  junction  in  October  1879  and 
IolukI  the  Jur  180  metres  wide  and  very  deep  ;  the  Wau  was  72  metres 
wide.'  Schweinfarth  gives  several  measurements  of  the  Jur  all  taken 
in  aV);>ut  lat.  7^  30'  N.  within  a  few  kilometres  of  one  another  and  the 
results  are  arraniivd  from  north  to  south  in  the  following  table  : — 


Uatk 

WiJtli  of  water 

l)e|itll 

Surface  velocity 

iin-ii-c 

inetiv 

metre  |>er  secuud 

Aiiril 

28,  ISiV.l     ... 

24 

(i-;m-2 

•  •  • 

■  •  • 

Mav 

S,  ISf.'.l     ... 

'.Mt 

0-1-1-2 

•  •  • 

•  •  • 

Oct. 

27,  187(1     ... 

-.to 

4-8-f.-0 

om; 

ValU'v  flootled. 

Dec. 

18,  1870     ... 

'.I'.t 

0-1 

■  •  • 

•  •  • 

Dec. 

20,  1870     ... 

l.JO 

0-1 

AlH)ut  half  flood. 

Uganda  aud  the  Egyptian  Sudan,  11.17,5, 


—  12«  — 

Till'  Wall  is  the  smaller  stream  and  in  Jamiarv  1S71  was  48  metres 
wide  and  1  metre  deep  ticnvinji' with  a  veloeity  of  U'o  metre  per  seeond.  ' 
Felkin  near  the  same  point  found  it  in  October  1879  I'l  metres  wide 
and  flowing  1  metre  per  second,  it  is  here  in  a  broad  flat  valley  which 
is  flooded  in  the  rainy  season  for  several  hundred  metres,  but  in  the 
dry  season  it  consists  of  a  series  of  pools  with  siuitll  rills  of  Avator  trick- 
linir  over  a  sandy  bottom. 

At  the  present  Wau  post  the  rise  and  fall  of  the  Jur  has  been  recorded 
for  the  last  few  yeiu-s.  In  1901  it  rose  2*7  metres  between  May  2()th 
and  September  Hitli,  and  fell  1'4  metres  by  l.Sth  October. 


Mean  River  Gacge  REAniKCis 

HECUHDED  AT    WaI 

(IX  METKKS) 

1904= 

1905 

Months 

Mean" 

inghesl 

I^owesi 
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HlghCMt 

Ixiwest 
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Jsiiiiiaiv    . . 

'] 

—0.23 

— II-IIS 

—0-32 

— 0-20 

0-21 
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IIS  to  A| 

ril  lOtli. 

— 0.3(i 

—0-31 

-«-42 

— 0-3f. 

0-11 

March      . .      . . 

1 

— o-.".0 

—0-43 

— 41-r.ii 

— 0-.")0 

0-13 

April 

[—0-09 

— <)-02 

—0-18 

— o-io 

0-16] 

— 0-.i!l 

— 0-.-|3 

— o-ri2 

— 0-.">« 

o-o;i 

Mav 

0-12 

()-3H 

— (i-O'.l 

0-14 

0-47 

— 0-37 

— 0-17 

— 0-.",ll 

— 0-3li 

O-3'J 

.lunt' 

0-37 

fl-S7 

0-12 

O-.IO 

0-7.". 

_ll-(lt 

0-.',.S 

— 0-33 

0-12 

o-!ll 
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2-11 

3-02 

0-H(i 

l-'.»4 

2-l« 

II-. -.3 

1-32 

o-ix 

0-7.") 

1-14 

Aupust    . . 

3  54 

t-OI 

3-07 

3 -.16 

0-'.l7 

:-is 

1-70 

0-20 

o-!ir, 

1-.-.0 

September 

3-10 

3 -SMI 

2-2fi 

3-11 

1-70 

2-o.s 

2  •3!) 

1  •  7.-> 

2-07 

0-114 

October  ..      .. 

i-;h; 

2- '.12 

l-.-.d 

2-24 

l-3r, 

2- III 

2-X7 

1  •  4.-. 

2-lli 

1-42 

November.     . . 

1-2K 

1-SO 

0-.-.3 

1-lK 

1-27 

1-N2 

2-77 

1-04 

1  -no 

1-73 
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(••13 

0-4K 

— o-ll 

0-1, s 

ll-.V.P 

0-411 

I   02 

0-07 

0--.4 

0  •!!.-> 

(Mean    .. 

[1-311 

I-'.M 

O'Sil 

1-42 

1-o.iJ 
4-22' 

o-r.i 

n-93 

n-ir, 

0-.",4 

0-77 

YEAUUixtreiiie 

4-04 

[-O-IM 

I-!I3 

2-S7 

— ti-r,2 

1-12 

3-411 

(Date     .. 

All-.  7 

Apr.  13. 
14  >V  17 

Oct.    211 
and  30 

Apr.  14, 
2o,>c22 

*  Mean  derived  from  daily  readings. 


The  Konj^o  is  a  smaller  stream  which  flows  in  a  northerly  direction 
to  join  the  Lol  which  in  its  turn  flows  to  the  Jur.  The  Bongo  in 
January  1871  at  Damuri  (lat  8°  N.)  was  found  by  Schweinfiirth-  to  be 
only  lo  metres  wide  and  a  metre  deep,  though  in  the  rains  it  floods  its 
banks  and  carries  a  considerable  volume  of  water  to  the  Jur. 

Omitting  numerous  small  khors  there  now  remain  only  three  main 
streams  which  flow  from  the  western  watershed  to  the  Bahre!  Ghazal; 
these  are  the  Lol  and  the  Kir  which  rise  in  the  Faroge  country  to  the 
west,  and  join  respectively  the  Jur  and  the  Bahr  el  (jhazal,  and  the 
Bahr  el  Arab,  rising  in  the  hills  round  Hofra  ol  Xahas  and  having 
tributaries  which  come  from  Jebel  Marra  in  Darfiir,  which  flows  into 


>  Schweinfurth,  Put.  Mitt.,  1872,  p.  281. 
»  The  Heart  of  Africa,  II,  p.  34.5. 
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the  Biihr  el  Ghazal  near  tlie  point  where  it  turns  north-eastwards 
towards  lake  Xo.  The  Lol  is  but  little  known  in  its  uj)per  reaches ; 
crossed  not  far  from  its  junction  with  the  Jur'  on  December  9,  1904, 
it  was  about  180  metres  wide,  5  metres  deep  with  a  strong  current. 
The  Kir  about  one  hundred  kilometres  to  the  north  of  it,  was  70  metres 
wide  ii  metres  deep  with  a  slow  ciuTcnt,  a  few'  days  earlier. 

The  Bahr  el  Aralj  is  a  large  river  in  the  wet  season;  Felkin  crossed 
it  in  December  1879  on  about  the  25th  meridian  and  found  its  channel 
about  100  metres  wide  but  there  was  little  water  in  it  and  only  a  metre 
deep,  while  the  banks  rose  about  4  metres  above  the  water.  Some  80 
kilometres  from  its  junction  with  the  Bahr  el  Ghazal  and  before  it 
enters  the  marshes  it  was  in  November  1904  from  70  to  120  metres 
wide  and  I'o  to  2'4  metres  deep,  with  a  very  feeble  current.  It  here 
receives  the  Khor  Keilak,  some  70  kilometres  long,  which  rises  near 
Jel)el  Miri  in  southern  Kordofan  and  after  passing  through  a  shallow 
lake  flows  southwards  to  join  Bahr  el  Arab.  Where  this  river  joins 
the  Bahr  el  Ghazal  it  has  a  well  defined  channel  80  to  100  metres  wide, 
entering  from  the  north  but  the  direction  soon  turns  westward  and  at 
a  short  distance  up  is  blocked  by  vegetation. 

We  have  then  in  this  basin  a  number  of  larger  streams  besides  many 
smaller  khors,  which  drain  the  north-eastern  slope  of  the  Nile-Congo 
watershed  and  show  a  strongly  marked  periodictit)'.  Most  of  them  in 
March  and  April,  at  the  end  of  the  dry  season,  are  almost  dry  in  their 
middle  and  lower  reaches,  but  when  the  rains  set  in  they  rise  rapidly 
and  flood  their  valleys,  pouring  a  large  volume  of  water  into  tiie  level 
marsh  plains  through  which  they  flow  after  entering  their  plain  tract. 
Most  of  them  near  their  sources  are  true  mountain  streams  with  rocky 
beds  interrupted  by  rapids  and  small  water-faUs,  but  as  soon  as  they 
reach  the  laterite  plateau  they  cut  out  out  a  deeper  chaimel  which 
soon  becomes  a  narrow  steep-sided  valley,  in  which  both  forest  trees 
and  smaller  vegetation,  grow  with  a  luxuriance  almost  etpial  to  that 
of  a  true  tropical  forest.  *  Here  much  water  is  taken  up  l)y  the  forest 
growth  before  the  valley  opens  out  into  the  narrow  flood  plains  which 
border  its  stream,  beyond  which  the  wide  plains  of  the  marshes 
begin. 

Even  though  the  maps  of  this  area  are  still  very  imperfect,  they  show 
in  a  striking  maimer  a  wcll-markeil  parallelism  between  the  ridw  which 
separates  the  triljutaries  of  the  Nile  from  those  of  the  Congo  on  the 

1  Route  Report,  Dec.  1904,  Percival. 

»  Schweinfurth,  "The  Heart  of  Africa."  1.  p.  504. 
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south  and  tlie  Kordofiin-Horku  ridfije  wliicli  extends  to  tlie  niount:iins 
of  Tibesti,  while  the  1hjj;Ii  land  ol'  Jebel  Marrah  in  Darfni-  joins  the 
two  and  divides  the  basin  of  the  Bahr  el  Ghazal  lioin  tiiat  of  Lake 
Chad.  At  the  present  time  almost  no  geological  examinatinn  of  this 
country  has  been  made  '  so  that  all  assinnptions  of  earth  movements 
are  i)urely  hypothetical.  It  is  however  remarkable  that  we  have  a 
k)w  lying  area  with  almost  no  slope  lying  between  two  higher  ridges  of 
crystalline  rocks;  the  southern  ridge  shows  a  niiicli  steeper  slope  on 
its  north  face  towards  the  Nile  than  on  its  southern  or  Congo  face;  tlie 
direction  of  it  is  ])arallel  to  that  of  the  up])er  reach  of  the  liahr  el  Jebel 
from  Nimule  to  Lalxire  where  a  fault  valley  can  hardly  be  doubted  ; 
so  that  it  may  be  suggested  as  not  impossible  that  tlie  drainage  line  of 
the  Bahr  el  Ghazal  cutting,  as  it  does,  across  the  general  slope  of  the 
countrv,  is  due  to  earth  movement  which  has  so  tilted  large  blocks  as 
to  produce  a  lowlying  area  wiiich  intercepts  the  drainage  and  leads  it 
eastwards.  Owuig  to  the  fact  that  the  northwest  axis  of  movement 
was  inclined  to  the  general  northerly  slope  of  the  roiiiitry,  the  same 
change  from  mountain  tract  with  rapids  and  waterfalls  to  valley  tract 
where  the  stream  has  carved  a  well  dehiied  channel  in  the  plateau,  and 
finally  to  plain  tract  with  low-lying  areas  flooded  in  the  rainy  seasons 
and  often  occupied  permanently  by  swamps,  occurs  in  each  stream; 
but  with  the  difference  that  the  j)lain  tract  becomes  longer  and  more 
important  as  we  pass  from  the  west  to  the  east  along  the  slope  til!  it 
reaches  its  maximum  development  in  the  liahr  el  riebel. 

To-day  the  part  played  bv  the  Bahr  el  Ghazal  in  tiie  regimen  of  tlu; 
Nile  is  a  wholly  unimportant  one,  in  spite  of  the  very  large  quantities 
of  water  which  this  slope  of  the  country  jMiurs  into  the  marshy  ])lains 
at  its  foot. 

Knoblecher  in  December  1849'"  says  that  the  nioutli  of  the  Balir  el 
Ghazal  could  not  Ijc  seen,  so  j)robably  it  was  small.  Petherick''  gives 
it  as  20  to  40  yards  wide,  20  feet  deep,  and  flowing  a  quarter  of  a  mile 
an  hour  or  0"37  foot  per  second  in  December  1853.  Brim  Rollet*  in 
February  1856  found  it  at  its  junction  with  lake  No  50  to  (50  metres 
wide  including  the  reeds  which  occupied  one-tliird  of  the  channel  ;  the 
depth  varied  from  3  to  4  metres.  These  datii  do  not  Ixsar  out  the 
suffo'estion  which  has  been  made,  that  before  1880  the  Bahr  el  Ghazal 
was  much  larger  than  it  is  to  day. 


'  But  see  Preumont  in  "Quiirt.  Jour.  Geol.  Soc,"  Aug.  1905,  p.  Gil, 
»  "  Reise  auf  dem  weissen  Flusse,  Klun,"  Laibacli  1850,  p.  11-13. 
3  Egypt,  the  Sudau  and  Central  Africa,  18G1,  p.  361. 
*  Pet.  Mitt.  Erganzungsheft  7,  1802,  p.  18. 
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Discliiirgcs  have  been  measured  on  several  occasions  in  the  Bahr  el 
Ghazal  about  50  kilometres  from  Lake  No  with  the  followin^r  result : — 
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2.S 

70 

r)2 
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12 
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21,  i;)o:i 
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70 
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r>-:i 

0-l'.)2 
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De  Malzac  -  on  April  6,  1<S59  found  it  179  metres  wide  at  a  point 
200  metres  upstream  of  lake  No,  IMJZ  metres  in  average  depth  and 
flowing  0'607  metre  per  second,  thus  discharging  1S2  cubic  metres  per 
second,  but  this  velocity  is  quite  inadmissible.  Petherick,^  April  25, 1862, 
found  its  discharge  to  be  <H6  cubic  metres  per  second  by  deducting  his 
measured  discharge  of  the  Bahr  el  Jebel  from  that  of  the  White  Nile. 

From  these  it  appears  that  even  in  Sej^tember  only  an  insignificant 
aiiiouut  of  water  passes.  In  November  1898  the  rise  of  the  water  level 
at  Meshra  el  Rek  was  only  22  centimetres  above  what  it  was  in  July, 
and  ill  spite  of  the  volume  poured  into  tlie  marshes  by  the  Jur  and 
other  rivers'*  the  velocit}'  somewhat  north  of  this  was  but  0"22  metre 
per  second  in  September,  though  in  the  narrow  channel  further  on  it 
reached  O'oo  metre.  The  maximum  level  in  the  Bahr  el  Gha/.al  is 
reached  in  November  and  December  and  as  tliis  is  two  months  later  than 
the  flood  of  the  Suei,  the  Wau  and  other  tributaries,  it  is  evident  that  it 
is  the  le\el  of  the  flood  in  the  Sobat  which  kee])s  up  the  level.  For  the 
present  then  theBahrelGhazal  as  a  contributor  to  the  Nile  supply  need 
not  be  takoi  into  account  since  the  iiuantity  it  furnishes  is  so  small, 
and  no  change  is  to  be  anticipated,  unless  eartli  movements  increase 
the  slope  of  tliis  part  of  the  country,  until  the  j)re.sent  swamps  become 
filled  with  alluvial  detritus  and  the  grinlc  nf  tlic  river  bed  is  thereby 
so  modified  that  its  waters  flow  in  :i  defined  channel  instead  of  being 
lost  as  at  present  in  the  water-logged  ilood-plains. 

Sir  W.  Willcocks  "  holds  that  its  funetion  at  present  is  to  kee])  wet 
the  swamps  between  it  and  the  I>ahr  el  debel  without  which  he  considers 


'  The  area  of  clear  water  in  the  section  ;  the  reiiiaiinlir  is  lilliil  h  il  h  n  cils  :uiil  ui-.isses. 

'  Bull.  Soc.  Geog.,  Paris  June.  1862. 

3  Proc.  R.  Geog.  Soc,  vol.  VIII.,  p.  142. 

*  Dyfi.  Annales  de  Geographic,  1.5  .July  \'My2. 

6  The  Nile  in  1904,  p.  3fi. 
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that  the  waters  of  th(!  latter  stream  would  he  lost  hy  pereolation  in 
them  and  the  White  Nile  would  he  h't't  dry,  hut  this  is  to  misunderstiuid 
the  re<"iiiieu  of  the  two  streams.  The  Jiahr  el  Gluizal  drains  off  the 
surplus  water  which  evai>oration  and  ahsorption  hy  vcfietjitioii  liave 
not  removed,  and  if  the  supply  was  less,  the  swamps  would  hecome 
reduced  in  area;  the  Bahr  el  Jehel  with  a  free  How  down  the  White 
Nile  would  certaiidv  not  flow  ujtstream  to  the  marslics  of  the  Uahr  el 
Ghazal,  at  low  stage  though  during  the  flood  period  of  the  Sobat,  the 
low-lying  area  of  the  White  Nile  and  lake  No  would  be  flooded  as  it 
is  to-day. 

The  sadd.  '  — The  accumulations  of  vegetable  matter  which  IVoui 
time  to  time  block  the  channels  of  the  Vmhv  el  Zaraf,  liahr  el  Jehel, 
liahr  el  (xhazal,  the  Jur,  and  the  White  Nile  above  its  junction  with 
the  Sobat  can  form  a  serious  obstacle  to  navigation  and  have  to  he 
taken  into  consideratiim  in  any  schenu;  for  the  training  of  the  rivers 
in  this  pait  of  the  Upper  Nile. 

From  the  difficulties  which  they  have  jiresented  to  expeditions  such 
as  Baker's  in  LS70-71,  and  the  way  in  wiiich  lliey  coni])letely  cut  otf 
Emin  Pasha  from  communication  with  Khartoum  ami  Egypt  in  1S7N- 
<S0,  these  obstructions  have  come  to  be  considered  a  strange  and  mys- 
terious phenomenon  of  these  rivers;  their  effect  in  holding  back  vast 
stores  of  water  which  would  be  set  free  once  the  sadd  was  removed  has 
repeatedly  been  dwelt  upon  by  writers  who  have  not  realised  the  con- 
ditions wliich  prevail.  Tiie  terrible  e.\])eriences  of  Gessi  Pasha,  wiio 
with  .")()()  men  was  blockeil  in  the  Bahr  el  Ghazal  for  three  and  a  half 
months  unable  to  force  his  wa}'  through  until  Marno  came  to  his  assist- 
ance, and  released  him  wdien4()0out  ofoOOmen  had  died  and  stores 
were  exhausted,  gave  a  vivid  impression  of  the  difficulties  of  dealing  with 
these  vegetable  accumulations  with  no  current  to  assist  in  their  removal. 

Marno"  gives  a  good  descri])ti(m  of  the  "sadd"  in  the  P>alu-  el  Jebel 
which  he  was  employed  for  many  months  in  clearing,  and  points  out 
that  when  the  rainy  season  is  of  exceptional  violence  and  long 
continued,  the  rivers  which  cannot  even  in  ordinary  years  carry  off 
the  flood  discharge,  now  overflow  to  form  a  flooded  areji  of  large 
extent. '  Vegetation  is  carried  by  the  wind  and  current  out  of  the 
la<Toons  Into  the  river  where  it  forms  blocks  in  the  sharp  turns  and 


'  Arabic  JU.  sadd — to  dam:  in  the  interest  of  accurate  terminology  it  is  very  liesirable  that  the 
term  "sadd"  should  be  restricted  to  the  block  of  vegetable  matter  in  the  river  channel.  It  lias  of 
late  been  loosely  used  for  the  class  of  vegetation  whicli  grows  iu  the  swamps,  the  region  of  the 
swamps  and  even  a  type  of  country  where  swamps  predominate. 

>  Pet.  Mitt.  1881,  p.  4l8-2r,. 

3  This  statement  has  now  to  be  slightly  modified  in  view  of  the  effect  of  the  Sobat  in  flood, 
see  Chap.  IV. 
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narrow  reaches,  and  the  feeble  current  of  the  main  stream  has  not  the 
power  to  carry  away  these  obstiicles,  but  only  brings  down  more  and 
more  material  to  add  to  it.     By  the  increasing  pressure  of  the  danmied 
up  waters  of  the  river  the  mass  becomes  more  and  more  compacted  till 
it  not  only  fills  the  breii<lth  but  even  finally  the   whole  deptii  of  the 
river.     It  is  only  the  buried  and  submerged  grasses  etc.  which  die,  Ijut 
those  on  the  surface  find  them.selves  in  specially  favourable  conditions 
for  luxuriant  growth,  and  their  rootlets  pt  netrate  and  bind  together  the 
mass  in  every  direction.     Thus  a  thick  growth  of  gi'asses  2-8  metres 
high  (piickly  forms,  and  if  burnt  down  gi'ows  again  within  8  or  KJ  days 
to  a  metre  high  in  the  rainy  season.     If  such  sadd  blocks  are  of  no 
great  extent  or  thickness,  the  increasing  pressure  of  the  damned  up 
stream  may  burst   through  them,  but  usuall}-  however  the  conditions 
which  have  caused  one  block  have  caused  others  in  other  parts,  and  the 
detached  masses  of  the  first  blocks  are  therefore  only  carried  down  to 
add  to  the  extent  and  density  of  another  block.     Such  is  the  elasticity 
and  density  of  these  blocks  that  steamers  have  no  effect  on  them,  and 
cattle    and    even    elephants   can   cross  them.     Where  the  action  has 
far   advanced   the  river    bed   is   finally    lost.     AVhile    the   vegetation 
in  the  blocks  dies  and  decays,  the   silt   with    the   vegetable   materials 
and  the  roots  forms  a  mass  which  is  ever  growing  more  and  more 
dense;  the  grasses  on  the  surface  grow  luxuriantly,  the  whole  becomes 
at  first  a  marsh,  and  finally  is  undistinguishable  from  the  firm  ground. 
The  river  has  no  longer  any  power  to  remove  or  break  through  the 
obstruction,  but  the  water  spreads  into  wide  lagoons  and  finds  its  way 
by  several  smaller  side  channels  to  a  point  below  the  blocks.     These 
channels  gradually  deepen  themselves  initil  one  of  them  replaces  tlic 
old  channel   as  the  main   channtl  at  this  ])oint.     From  this  it  would 
a])pear  that  those  reaches  where  the  breadth  is  least,  the  banks  firmest 
and  the  windings  most  mimerous,  would  be  the  most  liable  to  sadd 
blocks.     Thus  from  Lake  Xo  to  Hellet  Xuer  these  conditions  are  best 
fulfilled,  and  here  occur  the  most  luunerous  lilocks  though  as  Avill  l)e 
seen  there  is  another  important  factor,  the  Sobat  flood,  to  be  considered. 

Much  more  definite  information  about  the  sadds  is  now  available 
owing  to  the  recent  sadd  cutting  operations,  and  the  results  are 
summarized  by  Sir  W.  Garstin,  who  writes:' 

•'  In  the  Bahr  el  Jebel  the  main  component  plants  of  the  sadd  blocks 
are  the  papyrus  Ciipents  papyrus,  Linn,  the  "'Bus"  Phrai/mites 
cimuniinis  and  the  "Um-suf"  VoKsin  procera  reeds;  these  three, 
with  the  earth   adhering  to  their  roots,  form   the   real  obstruction. 

'  Blue  book  Egypt  2,  1U02  p.  84  ami  Keport  on  upper  Nik-  I'Mi  p.  W.K 
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Many  of  the  smaller  swimming  plants,  such  as  Azolla,  the  Urinilaria, 
and  Otellia  are  mingled  with  the  others;  but  they  certainly  do  not 
play  an  important  part  in  the  formation  of  the  obstacle.  The 
Ambatch  Herminiern  ehiphroxi/hm^  Guill.,  too,  has  been  unjustly 
accused  of  assisting  in  forming  tlui  barrier.  Tiiis  is  not  the  case. 
This  plant  does  not  grow  in  any  gresit  ([uaiitity  in  the  vicinity  of  the 
Bahr  el  Jebel,  and  its-stem  is  so  light  and  brittle,  that  it  would  break 
when  subjected  to  great  pressure."  ' 

"  On  the  Bahr  el  Ghazal,  on  tlie  contrary,  the  '•  sadd  "  is  chiefly 
composed  of  the  swimming  plants  above  mentioned.  Their  breeding 
places  are  Lake  Ambadi,  and  the  other  shallow  lakes  to  the  south." 

"The  Ghazal  ".«add"  is  nuich  lighter  in  texture  than  that  of  the  Bahr 
el  Jebel,  and  is  consequently  much  easier  to  remove.  At  the  same 
time,  even  in  the  former  river,  the  "  sadd ''  is  at  times  dangerous, 
especially  if  it  forms,  down.stream  of  a  vessel,  and  if  the  latter  has  to 
work  upon  it  from  its  upstream  end.  The  accident  to  Gessi  Pasha's 
expedition  in  1<S80,  proves  that  even  the  l'>ahr  el  Ghazal  "sadd"  can 
be  an  impassable  obstacle  under  sucli  circumstiuices." 

"The  Bahr  el  Jebel  traverses  the  marshes  between  Shambe  and  Lake 
No  for  some  400  kilometres  of  its  course.  South  of  Shambe,  the 
river  has  never  been  known  to  be  blocked.  On  either  side  of  the 
chaimel,  in  these  immense  swamps,  extend  large  shallow  lagoons,  some 
of  them  covering  several  square  kikimetrcs  of  area.  The  lagoons  are 
surrounded  on  every  side  by  a  luxuriant  growth  of  aquatic  plants, 
consisting  chiefly  of  the  pajjyrus  and  the  reeds  known  to  the  Arabs  as 
as  the  "  Um-suf  "  and  the  "Bus."  All  these  plants  grow  in  water, 
but  not  in  any  grciit  <lepth,  but  the  "Um-suf"  and  "  Bus,"  will  not 
stand  such  a  depth  of  water  as  will  the  papyrus.  This  last  attains  a 
height  of  from  5  to  6  metres,  with  fibrous  roots  which  strike  deep  into 
the  ground.  The  "Um-suf"  rarely  exceeds  two  metres  in  height  and 
its  roots  do  not  extend  so  deeply  as  do  those  of  the  i)apyrus.  They 
are,  however,  verj'  tough,  and  difficult  to  break  or  cut  through.  These 
roots  are  bedded  in  the  soil  below  tliewiitci-,  Ijut  the  .stronsf  jjales  which 
blow  in  these  regions,  loosen  their  hold  to  a  large  extent,  so  that  if 
such  a  storm  be  accompanied  by  an}-  rise  of  the  water  surface,  large 
masses  of  these  plants  are  set  free  from  their  original  position,  and 
begin  to  float  on  the  surface  of  the  lagoons.  Tlieir  roots  form  such  a 
tangled  mass,  that  large  quantities  of  the  earth,  in  which  they  were 
embedded,  remain  clinging  to  them.     These  act  as  ballast,  and  when 

'  .Sec  also  Hnpp.  The  Sailil  of  the  U|)|M;r  Nile.  Ann.-ils  of  Botniiy  Sept.  1!I02  and  Ilnmn  .Jour. 
Linn.  Soc.  .Jiilv  1!K)5. 
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the  island  of  papyrus,  or  reeds,  is  detached,  and,  under  the  influence 
of  the  wind,  is  set  drifting  about  the  lagoon,  the  Aveight  of  this  earth 
retains  the  plants  in  their  vertical  position.  Their  roots,  the  moment 
they  reach  a  shallow,  act  as  anchors,  and  speedily  strike  down  again 
into  the  muddy  bottom  of  the  lake.  Large  masses  constantly  change 
their  position  in  this  way.  If  the  storms  cease,  they  remain  where 
they  are.  Unfortunately,  at  the  commencement  and  end  of  the  rainy 
season,  stormy  weather  is  the  rule,  rather  than  the  exception.  At  such 
seasons,  large  areas  of  the  marsh  \'egetation  are  in  motion,  driven 
hither  and  thither  bv  the  wind.  " 

"The  channel  of  the  Bahr  el  Jebel  being  only  of  sufficient  section  to 
carry  the  low-water  supply,  the  first  rise  spreads  over  the  marshes, 
flooding  them  in  all  directions,  and  increasing  the  depth  of  water  in 
the  lau-oons.  It  thus  causes  the  areas  of  reed,  alread\-  detiiched  1)V  the 
wind,  to  float  still  more  easily.  A  strong  gale  may  set  hundi-eds  of 
acres  of  these  floating  masses  moving  in  one  direction,  until  they  reach 
a  point  on  the  river  where  they  are  forced  into  the  channel.  Once 
there,  the  curretJt  speedily  carries  them  downstream,  and  ere  lung,  their 
course  is  arrested  by  a  projection  on  the  edge  of  the  chamiel,  or  by  a 
sharj)  bend.  It  may  happen  that  an  area  of  reed,  several  acres  in 
extent,  bursts  into  the  river  in  a  large  sheet,  and  in  such  a  case,  it  must 
necessarily  be  arrested  at  the  first  point  where  the  section  is  contracted. 
The  result  is,  that  the  channel  is  ijuickly  blocked,  though  perhaps 
not  at  first  to  any  great  deptli.  Masses  of  weed,  however,  follow  one 
another  in  succession,  brought  down  by  the  stream.  The  section  of 
the  channel  being  reduced  by  the  first  obstruction,  the  volocitv  of  the 
water  rapidly  increases,  and  these  masses,  following  the  easiest  course, 
pass  under  the  obstacle  thus  created.  Each  fresh  mass  arriving  is 
sucked  underneath  those  originally  arrested,  until  at  last  the  whole 
becomes  wedged  into  one  solid  block,  com{)Oscd  partlv  of  earth,  and 
partly  of  stalks  and  roots  of  papyrus  and  reed,  1  rt)ken  up  by  the 
extreme  compression,  into  an  inextricable  tangle.  So  great  is  the 
pressure  applied  by  the  water,  that  the  surface  of  block  is  often  forced 
several  metres  above  the  water-level,  and  is  seamed  b}-  alternate  ridges 
and  furrows.  The  thickness  varies  greatly,  according  to  the  conditions 
and  section  of  the  channel.  In  some  cases,  it  is  not  more  than  1'.^  to 
2  metres,  but  it  not  infrequently  attains  a  thickness  of  5  metres,  below 
water,  and  occasionally  as  much  as  7  metres  have  been  observed. 
Underneath  this  bar,  tlie  river  nianages  to  force  an  outlet,  but  with  a 
velocity  increased  proportionately  to  the  smalhiess  of  the  aperture. 
At  the  same  time,  the  upstream  level  rises,  flooding  the  marshes  in 
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even'  direction,  the  water  making  use  of  any  side  channel  that  it  can 
find.     In  time,  doubtless,  if  left  to  itself,  it  would  desert  its  original 
course,  and  the  stream  would  take  an  entirely  new  direction,  the  original 
channel  becoming  permanently  blocked.    It  generally,  however,  happens 
from  natural  causes,  such  as  strong  winds,  or  increased  heading- up  of 
the  water,  that  these  blocks  burst,  and  the  obstacle  is  carried  away. 
On  such  occasions,  a  great  wave  passes  down  the  channel,  carrying 
everything  before  it,  and  sweeping  away  any  similar  blocks  which  may 
have  been  formed  downstream.     Only  in  this  way    can  the  clearance 
of  the  "sadd"  in  certain  years,  which  has  undoubtedly  occurred,  be 
explained.     Many  of  these  blocks  extend  for  a  considerable  length, 
some  being  as  nmch  as  1700  metres  long.     It  is  easy  to  understand, 
that  such  closures  of  the  river  channel,  cause,  not  onlj-  a  complete  bar 
to  navigation,  but  also  a  very  serious  obstacle  to  the  free  })assage  of 
the  water.     More  than  this,  each    l)lock  thus  formed  assists   in  the 
formation  of  others,  by  raising  the  water-level  up-stream,  and  thus 
assisting  the  flotation  of  further  areas  of  papyrus  and  reed,  much  of 
which  eventually  finds  its  way  into  the  river." 

At  the  time  of  the  expedition  of  Mohammed  Ali,  1840-1841, 
which  Werne  accompanied,  no  sadd  was  met  with.  The  first  account 
of  it  was  received  from  Hcuglin  in  1808,  who  with  the  Tinne 
expedition  found  the  White  Kile  blocked  at  a  point  30  kilometres  east 
of  Lake  No.  An  extensive  lagoon  on  the  south  bank,  afterwards 
known  as  the  ^laiya  Signora,  was  followed  and  through  it  a  way  was 
found  into  the  White  Nile  channel.  This  block  was,  it  appears,  avoided 
in  this  manner  for  some  years  till  by  about  18(i7  or  1868  it  had  so 
increased  as  to  block  this  way  also.'  It  was  at  first  stated  that  the 
Shilluks  had  blocked  the  channel  directly  after  the  rains  in  order  to 
prevent  the  passage  of  boats,  but  Heuglin  says  that  for  his  part  he 
could  see  no  evidence  of  human  handiwork  in  it.  Against  this 
obstruction  the  stream  had  piled  u\>  all  the  tlcjating  material  day  by 
day  till  a  solid  block  was  formed,  which  was  estimated  at  about  500 
paces  (350-400  metres)  long,  and  which  was  firm  enough,  except  at  a 
few  places,  for  persons  to  walk  over  dr\shod.  The  ojien  water  was 
180  metres  (250  j)aces)  wide,  and  the  water  flowed  over  the  barrier 
with  a  velocity  of  3  to  4  metres  per  second.  It  was  cut  through  in 
2  days  by  a  large  number  of  men  sufficiently  to  enable  the  boats  to 
pass.  Von  Heuglin  speaks  of  this  as  being  at  any  rate  a  rare 
occurrence  on  the  White  Nile,  (see  Plate  XI). 

'  ret.  Mitt.  1881  p.  420  and  Pet.  Mitt.  Erganzungsheft  15,  p.  16-17. 
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Tn  18G.5,  at  the  end  of  March,  Sir  S.W.  Baker'  came  to  the  same 
l)lock  and  describes  it  as  dantrerous  since  the  water  rushed  through 
l)eneath  it  and  boats  had  at  least  on  one  occasion  in  1864  been  carried 
under  by  the  current.  The  block  was  about  1200  metres  wide,  and 
perfectly  firm,  being  overgrown  with  higli  reeds  and  grasses.  In  1<S7U 
Sir  S.  Baker  found  the  White  Nile  blocked  in  the  same  place  and  had 
to  go  up  the  Bahr  el  Zaraf,'  but  being  stopped  in  lat.  7°  44'  N.  had 
to  return,  and  finally  got  through  in  the  following  year  1871. 

In  1872  both  the  Bahr  el  Zaraf  and  the  Bahr  el  Jebel  were  closed 
by  blocks. 

In  1873  Baker  found  no  great  difficulty  in  passing  from  Gondokoro 
down  the  Bahr  el  Jebel  and  thence  down  the  Bahr  el  Zaraf. 

During  these  years  the  Bahr  el  Zaraf  was  utilised  although  on 
account  of  the  masses  of  vegetation  and  the  shallow  water  in  its  upjjer 
reaches  it  was  only  passable  with  difficulty  and  for  a  short  time  after 
the  rainy  season.  As  these  difiiculties  in  the  Bahr  el  Zaraf  increased 
from  year  to  year  it  was  necessary  to  render  the  main  stream  navigable, 
and  Ismail  Pasha  Ayub  removed  in  1874  the  blocks  in  the  White  Nile 
and  the  Bahr  el  Jebel,  and  so  oj)ened  again  the  clear  waterway,  but 
only  with  great  difficulty. 

In  1878'  the  unusually  heavy  rainy  season  produced  an  exceptional 
flood  in  the  Nile  and  its  tributaries,  so  much  so  that  Lado,  though 
situated  on  a  piece  T>f  Land  which  was  usually  5  metres  above  the 
ordinary  water  level,  was  half  fiooded.  The  first  signs  of  sadd  were 
found  b\-  Eniin  Pasha  on  his  way  from  Fashoda  to  Lado  in  July,  about 
4  hours  above  the  point  where  the  Bahr  el  Jebel  leaves  Lake  No. 

On  September  2.5,  187.S  R.  Buchta  in  going  up  the  Bahr  el  Jebel  met 
with  sadd  50  kilometres  north  of  (ihaba  Shambe;  also  in  February  1879 
it  was  blocked'  and  remained  so  until  it  was  cleared  by  Marno*  in  1880. 

In  August  two  steamers  sent  up  from  Khartoum  to  Lado,  only  got 
through  the  increasing  sadd  blocks  witi'  the  greatest  difficulty,  and  one 
which  left  Lado  on  the  oth  September  had  to  return,  being  unable  to 
pass  the  block  which  there  was  below  the  mouth  of  the  Bahr  el  Zaraf. 

In  October  a  steamer  going  up  from  Kliartduni  got  tlirough,  since 
it  is  easier  to  clear  a  way  upstream  than  downstream,  but  after  this  all 
attempts  at  that  time,  October  1878  till  Sei)tember  1879,  failed.^ 

On  November  21  1878  Emin  Pasha  left  Ghaba   Shambe  to  see   if 


*  Albert  Nyanza,  p.  4.55-6. 
'  liimHilia  I.  p.  35, 
»  Pet.  Mitt.  1881,  p.  421. 
<     ..         ..      1879,  p.  273 
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it  was  possible  to  fiiifl  a  way  down  the  Balir  cl  Jebel  wliich  was  then 
blocked  with  sadd.  The  first  block  was  some  S  kilometres  below  Ghaba 
Shambe,  where  the  channel  was  completely  blocked  with  vegetation  for 
some  600  metres.  It  was  possible  to  pass  round  it  by  making  a  long 
detour  throuoh  laijoons  and  back  channels.  The  second  was  about  S 
kilometres  above  Hellet  Nuer  and  blocked  the  river  for  a  length  of 
about  1200  metres,  but  this  too  was  circumvented.  The  third  block 
was  in  4  parts  and  these  occupied  portions  of  the  reach  of  the  river 
from  55  to  75  kilometres  from  Lake  No.  The  first  of  these  blocks 
near  Ghaba  Shambe  was  in  the  same  place  that  blocks  IG-lt)  were 
found  by  Lieutenant  Drury  ll.N.  in  January  1901. 

When  Marno,  having  cleared  the  block  in  the  White  Nile,  went  on 
to  the  Bahr  el  Jebel,  he  found  no  current  at  the  mouth  since  ihe  river 
was  comjiletely  blocked.  The  northern  end  of  Marno's  3rd  block  is 
given  by  him  as  2()'5  nautical  miles  (  =  41)  kilometres)  from  the  mouth 
of  the  river.  It  was  exceptionally  dense  and  large  so  that  in  some 
places  the  whole  river  bed,  5-7  metres  deep,  was  filled  by  it.  When 
the  blocks  had  been  removed  there  was  a  gradual  sinking  of  the  water 
in  the  river  channel  and  in  the  lagoons  beside  it.  From  the  latter 
water  poured  into  the  river  by  innumerable  channels  which  were  par- 
tially choked  with  nuid  and  sunken  grass  islands.  These  the  increased 
current  raised  to  the  surface  and  carried  away,  and  gra<lually  removed 
all  the  deposit  which  had  been  laid  down  in  the'main  channel  during 
the  time  that  it  had  been  blocked.  After  the  removal  of  the  4th  part 
of  this  No  3  block,  the  river  seemed  on  March  27,  1880,  free  and  open 
though  with  many  stranded  grass  islands  on  the  banks,  and  extensive 
lagoons  which  were  in  connection  with  the  river.  Above  Hellet  Nuer 
wliei-e  formerly  one  followed  round  the  sharp  windings  known  as 
Ghur.sa  el  Kilab,  there  was  a  collection  of  wide  lagoons,  and  tlie  ri\'cr, 
where  it  came  from  the  NE.,  was  blocked — the  commencement  of  No.  2 
block.  Steaming  through  the  lagoon  towards  the  SE.  a  labyrinth 
of  lagoons,  canals  and  river  arms  was  entered,  and  in  one  of  these  arms 
the  current  was  excej>tionally  strong.  It  was  soon  evident  that  this  was 
the  new  main  chaimel,  and  it  led  back  into  the  old  channel  from  which 
])oint  the  southern  end  of  No.  2  block  could  be  seen  at  a  short  distance 
down  stream,  so  that  it  included  the  (xhursa  el  Kilab.  Since  the  current 
was  carrvinw  down  with  it  masses  of  venretation,  and  the  channel  was 
both  narrow  and  with  many  sharp  bends,  this  was  a  point  where  future 
blocks  were  likely  to  occur.  It  seemed  that  this  raich  of  the  river 
had  altered  greatly.  In  Werne's  Map,  north  of  lat.  8°  N.  the  river 
is   shown    as    dividing   into   two   e(jual    branches    which    afterwards 
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unite  ag'ain,  but  in  ISSO  no  such  state  of  things  could  be  traced.  Still 
other  maps  (e.ff.  Pet.  Mitt.  Erganzunsheft  15)  omit  this  fork  and  show 
only  two  bends  cut  across  by  side  channels,  which  seems  much  more 
probable. 

Xear  block  3  there  was  earlier  a  division  of  the  river  into  a  main 
chainiel  and  a  side  khor  which  thus  included  a  small  island.  The  main 
arm  being  blocked  the  river  turned  to  the  east,  and  scoured  out  the 
khor  which  thus  became  the  main  channel,  while  the  island  joined  the 
west  l«ink  and  became  a  part  of  it.  It  is  int(;resting  to  see  that  on  the 
above-mentioned  map  the  Ghursa  el  Kilab,  those  sharp  bends  to  the 
north  at  Baiderol  (not  the  more  northerly  river  bends  which  are 
wrongly  named  as  Ghursa  el  Kilab) — is  shown  as  cut  across  by  a  side 
channel  approximately  on  the  line  of  the  new  main  channel  of  1S79.' 

At  the  end  of  September  1S79  the  steamer  "Bordein"  returning 
from  Lado  brought  the  news  of  the  sadd  in  the  White  Nile,  and  in  the 
middle  of  Xovember  Marno  went  there  from  Fashoda  to  find  the  river 
blocked  at  a  point  between  the  so  called  "greater  and  lesser  Ghaba  el 
Kuk."  oO  kil(  )metres  upstream  of  the  Bahr  el  Zaraf.  The  amount  of  water 
brought  down  tliis  year  by  the  Bahr  el  Jebel  had  been  large  according 
to  Marno  and  the  White  Kile  here  was  much  increased  and  so  was  in 
direct  connection  with  the  wide  lagoons  on  its  banks,  but  in  the  light 
of  present  knowledge  this  should  rather  be  attributed  to  an  unusually 
liigh  flood  in  the  Sobat.  After  the  removid  of  this  first  block,  ^larno 
])ushed  ou  to  see  whether  the  rest  of  the  Wliite  Nile  was  clear  up  to 
Lake  No,  and  found  there,  where  the  sadd  block  had  been  in  l.S63-l<S7i 
and  where  he  had  removed  one  in  November  1<S7«S,  a  new  and  \evy 
thick  block  some  2.50  metres  long.  The  masses  of  vegetation  were 
piled  up  to  a  thickness  of  4-5  metres,  the  whole  being  compacted  with 
nuid  and  silt.  This  block  had  formed  and  had  acquired  its  size  and 
densitv  within  the  short  space  of  70  days  which  had  elapsed  between 
the  jjassage  of  the  steamer  "Bordein"  and  the  arrival  of  Marno.  As 
the  main  channel  was  almost  completelv  closed  Ijy  this  block,  the  river 
liad  bi-dken  through  its  left  (nortli)  hank  and  found  its  way  through  a 
lagoon  from  which  it  had  swept  out  all  the  floating  vegetation  and  had 
gradually  eroded  anew  bed,  so  that  the  blocked  section  could b3  avoided 
bv  using  it.  Here  on  a  smaller  scale  were  to  be  seen  tlie  same  conditions 
as  at  (i  bursa  el  Kilab. 

It  has  been  previously  mentioned  that  the  sand  and  silt  brought 
down  from  the  tributaries  of  the  Bahr  el  Jebel  are  mostly  deposited  in 


«  Pet.  Mitt.,  1879.  p.  273  ff. 
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the  upper  reaches  near  Bor ;  the  amount  of  eartliv  material  founrl 
forming'  a  part  of  the  sadd  hlock  must  therefore  be  derived  from  the 
banks  of  the  river  whicli  are  croilcd  hy  any  cliange  of  the  current,  and 
from  that  wliieli  is  lifted  from  the  l)ottom  of  the  lajroons  hv  the  driftiuir 
vej^etation.  A  sample  of  the  sadd  was  taken  from  the  west  hank  of  the 
Bain*  el  Jebel  at  Xo.  9  block  IDcS  kilometres  upstream  of  lake  Xo  and 
was  analyzed  in  li)00  at  the  Imperial  Institute.  The  sample  consisting 
of  a  damp  dark-brown  cake  weighin<>'  al)out  half  a  kilof>Tam  was  a 
mixture  of  roots  and  stems  of  ])lants  witli  nnid,  and  on  analvsis  i^ave 
the  following  results: — 

Water 57-21 

Ash  niatcri;il  dried  at  !();')"(" (;4M")!t 

Fixrd  Carlion       r>-'.)l 

Volatili'  matter 21f4 

Calorific  value 1441     oals. 

The  comj)aratively  short  timi'  during  which  the  upper  reaches  of  the 
White  Nile  have  been  known,  does  not  allow  us  to  say  with  certainty 
that  no  such  obstructions  occurred  at  earlier  periods,  although,  according 
to  Mai-iio,  the  natives  of  these  parts  have  no  traditional  knowledge 
of  them.  Howtiver  the  swamp  conditions  of  these  valleys  have 
certainly  been  long  in  existence,  and  it  can  hardl}'  be  doubted  that 
many  of  the  lagoons  and  cutoffs  (ox-bow  bends)  are  due  to  such  inter- 
ference with  the  free  flow  of  the  river  causing  it  to  erode  a  new  chamiel 
for  itself.  The  natives  traverse  the  whole  valley  with  ease  in  their 
"dugout"  canoes  or  on  their  rafts  of  ambatch,  passing  along  the  narrow 
chamiels  which  intensect  the  marshes,  and  the  blocking  the  main 
channel  would  be  of  no  importance  to  them  since  they  could  readily 
pass  round  it. 

Moreover,  the  records  of  the  Roda  Xilometer  at  Cairo  show  that  all 
the  floods  but  two  between  182o  and  1840  were  l)elow  the  avenxge,  as 
were  all  except  three  from  I7S1  to  1800:  '  thus  for  a  long  time 
previously  to  18  10  the  conditions  were  not  favourable  to  the  formation 
of  .sadd  l)locks. 

The  points  at  which  sadd  has  blocked  the  river  channel  at  \arious 
times  are  shown  on  Plate  XI.  The  block  which  occurred  in  1879  about 
12  kilometres  below  Ghaba  Shambe '  is  the  most  southern  block 
recorded,  while  the  next  was  at  the  sharp  bend  known  as  Ghursa  el 
Kilab  between  Hellet  Nuer  and  Maiya  Kurshid,  in  the  same 
place  as  the  lower  part  of  block   1.5  of  the  recent   clearing  opera- 

t  See  Chap.  VIII. 
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tioii:s.  The  majority  of  the  blocks  seem  always  to  have  occurred 
in  the  last  laO  kilometres  of  the  river,  so  far  as  the  available  data  go. 
Till'  Muck  which  Miss  Tinue's  expedition  met  with  in  ISfJH  was  about 
'60  kilometres  east  of  lake  No  and  this  pouit  was  blocked  more  or  less 
coiitinuoiislv  from  ISf;;^  to  LS74;  in  LS79  it  was  again  blocked  and 
having  been  cleared  !iv  Marno  at  the  end  of  that  year  was  again  blocked 
in  l.SSO,  while  occasional  and  temporary  blocks  have  occurred  east  of 
themoutli  of  tlie  Bahr  el  Zaraf.  In  1X70  Baker  found  the  Balu- el  Jebel 
blocked  near  its  mouth,  he  passed  into  it  al)Out  IM)  kilouietres  higher 
uj)  ])v  a  channel  which  communicated  with  the  Maiya  Signora;  but 
again  he  found  it  blocked  at  a  short  distance  higher  up.  Marno  in 
November  and  December  1S79  fcxuid  the  four  jjarts  of  the  third  great 
l)Iock  occupying  some  15  kilometres  of  river. 

Tliese  few  vears  would  seem  to  show  that  the  nortliern  portion  of  the 
liahr  el  Jcln-l  and  the  White  Nile  l)etween  it  and  tlie  Sobat  river  is  most 
subject  to  saild  ami  that  the  conditions  favourable  for  the  formation 
of  sadd  are  (1)  a  rise  of  the  water  level,  (2)  stormy  weather,  (6)  a 
narrow  or  sharply  curving  reach  of  the  river.  The  rise  of  the  water 
le\  el  in  the  upper  reaches  is  probably  due  usually  to  heavy  local  rains, 
which  will  be  all  the  more  effective  if  the  Albert  lake  is  high  and  con- 
sequently a  large  volume  is  passing  Wadelai,  raising  the  general  level 
throughout  the  valley  (p.  76).  In  the  lower  reaches  a  high  water 
level  in  the  Sobat  is  probably  the  main  factor,  as  on  that  depends  the 
amount  of  flooding  in  Lake  No  and  the  Bahr  el  Jebel  and  Bahr  el 
tiliazal.  The  weather  is  most  storniv  at  the  bejirinninof  and  end  of  the 
rainy  season,  say  in  June  and  September,  which  are  also  the  months  of 
hea\v  rainfall,  and  these  are  probably  the  seas(ms  when  blocks  are 
mostly  liable  to  form,  especially  the  autunm  which  couicides  with  the 
high  water  levels. 

So  far  then  as  past  experience  goes  sadd  blocks  are  to  be  expected 
in  vears  when  rains  on  the  southern  tableland  of  Al)yssinia  are  hesivv 
and  |)rotraeted  causing  a  high  and  late  maxinunn  in  the  Sobat  ;  1<S78 
and  1879  were  es[)ecially  years  of  this  character  and  in  these,  as  Marno 
has  recorded,  blocks  formed  rapidly  and  were  of  exceptional  density. 

Lombardini  in  1S65  '  suggestetl  that  the  area  covered  by  the  swamps 
of  the  Bahr  el  Jebel  and  the  Bahr  el  Ghazal  rejiresented  an  ancient 
lake  which  had  been  silted  u[),  and  more  recently  Sir  W.  Willcocks, " 
has  siip[)orted   the   hypothesis,   for  it  is  no  more  than  this,  and  states 

'  L'essai  sur  I'hydrologie  du  Nil,  p.  41,  Milan,  1865. 

-  The  Nile  in  1904,  p.  38,  also  Johnston.     The  Uganda  Protectorate  I,  p.  151,  London,   1U04. 
and  Brown.  Jour.  Linn.  See.  July  1905  p.  54. 
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that  the  lake  measured  400  kilometres  square,  that  it  has  since 
hceii  tilled  by  sand  and  peat  deposits,  that  the  Sohat  river  Howed 
into  it,  that  the  Blue  Nile  may  have  flowed  into  it  up  the  bed  of  the 
present  White  Nile,  and  that  the  north-east  corner  of  the  lake  has  been 
I)etter  filled  with  deposit  than  any  other  part. 

Beyond  the  fact  that  the  slope  of  the  country  from  (ihaba  Siiambc 
to  Lake  No  is  very  low,  and  that  there  is  much  swamp  from  the  Bahr 
el  Zaraf  to  Meshni  Kek,  no  evidence  supports  this  lake  hypotliesis.  On 
the  other  hand  many  facts  are  opposed  to  it.  The  prol)al)le  mode  of 
formation  of  these  gently  sloping  plains  has  already  been  described 
(]).  !)1),  but  besides  this  there  are  other  facts  which  do  not  agree 
with  a  lacustrine  origin  for  the  existing  condition  of  tl  ings.  The  floor 
of  a  silted  up  lake  is,  but  for  subsequent  earth  movements,  pnictically 
level,  but  here  there  is  a  moderate  slope  which  recent  levelling  sliows  to 
be  about  1  in  1(5,000  for  the  country  west  of  the  Bahr  el  Zaraf  and  the 
White  Nile;  below  and  above  the  Sobat  junction  it  is  1  in  2<S,000  and 
1  in  38,000  respectively  at  low  stage. 

Such  a  lake  having  its  southern  shore  at  Giliaba  Shambe  nuist  have 
had  its  northern  shore  on  the  gently  rising  plain  to  the  north  of  Lake 
No  but  no  trace  has  yet  been  seen  of  any  beaches  or  shore  lines,  which 
for  a  lake  of  such  a  size  would  lia\c  been  strongly  markc^d,  nor  do 
deltas  of  streams  flowing  into  it  occur.  If  its  south(!rn  shoi-e  was  at 
Ghaba  Shambe  it  must  also  have  extended  some  wa\-  up  the  i)resent 
Sobat  valley,  but  here  again  there  is  no  trace  of  shore  lines.  In  tlie 
lowest  part  of  the  lake,  near  Lake  No,  the  soil  is  sandy,  whereas  is  the 
centre  of  so  large  a  lake  only  the  finest  mud  woidd  be  deposited,  and 
sandv  de[)osits  would  be  eontined  to  the  deltas  of  tributary  streams. 
To  turn  the  Blue  Nile  southwards  into  this  lake  the  country  from 
Shendy  to  Kodok  must  have  sloped  from  north  to  south,  instead  of  as 
to-day  south  to  north  and  the  altitude  of  the  country  in  the  neigh- 
bourhood of  Shendy  nmst  have  been  some  80  metres  more  than  at 
])re.sent  in  order  to  effect  this  ;  of  such  changes  of  level  no  evidence 
whatever  has  yet  been  brought  forward.  As  the  Atbara  is  assumed 
to  have  been  at  this  time  the  sole  supj)ly  of  Egypt,  "  elevation  cannot 
have  affected  its  lower  course,  and  a  glance  at  the  map  will  show  that 
had  such  movements  taken  place  in  recent  times  between  Khartoum 
and  Berber  clear  evidence  of  it  would  exist  to-day  in  this  part,  but 
none  has  been  put  forward  and  none  exists  so  far  as  I  can  ascertain. 

The  Blue  Nile,  had  it  once  flowed  southwards  into  this  hypothetical 

'  The  Nile  in  1904,  p.  41. 
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lake,  must  have  laid  down  lar^^e  deposits  of  fine  silt  in  this  flat  l)asin, 
but  none  occur.  It  is  even  stated  that  deposition  was  most  marked 
at  the  north-eastern  corner  of  this  lake,  and  had  this  been  the  case 
the  reversal  of  slope  which  allowed  its  waters  to  drain  away  to  the 
north  would  have  caused  the  river  draining  the  lake  to  *t  through 
these  earlier  deposits  which  would  remain  in  the  neighbourhood  of 
Taufikia  and  Kodok  as  bluffs  of  alluvium.  Xone  however  exist.  The 
stiitement  that  "the  White  Nile  chaiuiel  of  to-day  is  foniicd  within 
the  channel  of  old  days  when  the  lilue  Nile  was  flowing  south  into 
the  Sadd  region  "  '  is  unintelligible  since  the  slope  would  have  been 
in  the  reverse  direction  and  great(!r  than  to-day  to  carry  the  silt- 
charged  waters  of  the  Blue  Nile,  and  therefore  the  original  bed  would 
have  been  in  all  the  northern  part  high  above  the  present  valley,  which 
on  the  assumed  reversal  of  the  drainage  would  have  out  cut  been  through 
the  earlier  deposits.  But  there  is  no  need  to  assume  such  verj'  loca- 
lized movements;  the  whole  of  the  present  phenomena  are  easily 
explained  by  the  low  slope  of  an  ancient  flood  plain  formed  from  the 
material  derived  from  the  weathering  of  the  plateau  of  crystalline 
rocks  to  the  south  and  laid  down  b\'  the  numerous  rivers  which  must 
have  flowed  from  it.  Except  in  the  depressions  and  old  river  bends 
of  the  valleys  where  rank  vegetation  and  local  silting  can  hold  back 
large  quantities  of  water,  the  rapid  evaporation  during  the  period  of 
the  northerly  winds  removes  the  rain  water  that  stands  in  the  ojien 
country  and  reduces  greatly  the  area  of  the  swamjjs,  but  the  Bahr  el 
Jebel  fed  by  the  Albert  lake,  and  the  Bahr  el  Ghazal  fed  by  numerous 
})erennial  streams  from  the  Nile-Congo  watershed  are  able  to  replace 
these  losses  sufficiently  to  prevent  their  swamps  from  drving  fullv, 
even  in  the  (West  years,  while  spills  from  the  Bahr  el  Jebel  in  the 
neighbourhood  of  Ghaba  Shambe  do  the  same  for  the  Bahr  el  Zaraf. 
The  tributaries  of  the  upper  Sobat  show  the  same  since  similar  con- 
ditions occur  there  where  no  such  lake  could  have  existed. 

On  Plate  XI  the  flood-plain,  where  the  water  surface  is  within  t)-;^ 
to  0"G  metre  from  the  ground  surface,  is  distinguished  from  the  higher 
ground  which  lies  beyond  it  and  bounds  the  valley.  This  is  about 
1  metre  and  upwards  above  the  water  surfiice  and  on  it  grow  acacia 
bushes,  dom  and  deleb  palms  and  some  shrubs.  ^  From  this  map  it 
will  reixdily  be  seen  that  the  river  is  meandering  through  its  flood 
plain,  and  swings  from  side  to  side  of  its  valley  as  all  low  grade 


■  Lou.  cit.  p.  42. 

•  Brouu,  ••Jour.  Linn.  Soc."  July  ly05,  p.  53. 
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rivers  do,  \vliile  there  is  no  sign  of  an  ancient  lake  basin.  Tlio  widest 
part  of  tlie  valley  is  near  Ghaha  Shanibe  where  the  marshes  fed  partly 
by  rainfall  and  partly  from  the  Bahr  el  Jebcl,  are  large  enough  to 
supply  the  Bahr  el  Zaraf  throughout  the  year. 

Summary. — Tu  the  l)asin  drained  by  the  Bahr  el  Jebel,  the  Bahr 
el  Zaraf  and  the  l'>ahr  el  Ghazal,  the  physical  conditions  are  such  that 
though  it  receives  a  fairly  heavy  rainfall,  amounting  yearly  to  about 
1000  millimetres,  as  well  as  the  500  to  1000  cubic  metres  per  second 
from  the  All)ert  lake,  a  constant  supply  of  some  470  cubic  metres  per 
second  is  all  that  is  available  upstream  of  the  Sobat  junction. 

At  first  there  is  a  more  or  less  steep  slope  from  the  southern  jdateau, 
soon  ending  in  flat  open  alluvial  {)lains  on  which  the  detritus  eroded 
from  the  plateau  has  been  laid  down  in  remote  ages.  The  present 
streams  on  reaching  these  plains  of  \ery  low  slope,  change  their 
cliaract(!r  and  l)ecome  meandering  rivers  which  deposit  their  load  at 
once,  and  afterwards  flow  down  their  shallow  valleys  in  which  they 
swing  periodically  from  side  to  side.  But  as  they  carry  no  silt  their 
flood  ])lains  do  not  rise  by  the  deposit  of  successive  floods  except  at  the 
head  of  this  plain  tract,  and  therefore  the  water  surface  stands  but  a 
very  short  distance  below  that  of  the  flood -jjlain,  so  that  there  exist  the 
conditions  most  fa\ourable  to  the  growth  of  marsh  vegetation.  This 
\egetation  takes  up  a  large  amount  of  the  water  supply  for  its  growth, 
and  aided  by  the  winds  which  blow  for  more  than  half  the  year  from 
the  bare  savannah  plains  which  lie  to  the  north  and  east.  Not  only  is 
the  supply  in  the  upper  reaches  of  the  i-ivers  very  greatly  dimished  bu 
the  local  rainfall  only  })roduces  a  temporary  rise  of  level  Avhich  evapo- 
ration and  absorl)tion  soon  reduce. 

The  net  result  then  is  that  of  the  supply  from  the  lake  plateau 
delivered  at  the  head  of  the  Bahr  el  Jebel,  only  an  amount  equalling 
from  48  to  9G  per  cent'  is  availaV)le  at  the  Sobat  junction,  in  spite  of 
the  rainfall  of  the  basin,  while  this  constant  sup])ly  above  the  Sobat 
junction  is  less  that  \  %  oi  the  rain  which  falls  on  the  Lake  Plateau 
basin  together  with  those  of  the  Bahr  el  Jebel,  Bahr  el  Zaraf  and 
Bahr  el  Zaraf. 


'  180  cubic   metres   per  Fccond  above   the  Sobat   junction    compared  with  the   500   to   1000 
discharged  from  the  Albert  lake, 


SUPPLEMENT  TO  CHAPTER   III. 


THE    BAHR    EL    ARAB. 


During  the  past  twelve  months  the  officers  of  the  Sudan  Government  have 
thrown  considerable  light  on  the  relations  of  the  different  drainage  lines  which 
join  the  Bahr  el  Ghazal  from  the  west. 

Commandant  Dye  in  1898  showed  the  Jur,  formed  by  the  junction  of  tlieSuei 
and  the  Wau,  to  flow  eastwards  through  a  low  marshy  tract  to  Meshra  er  Rek. 
North  of  this  are  two  principal  rivers,  the  Bahr  el  Homr  and  the  Bahr  el  Arab, 
each  with  several  tributaries  more  or  less  defined.  The  explorations  of  Lieut. 
Bayldon  R.  N.  seem  to  establish  that,  contrary  to  the  view  hitherto  held,  the  river 
rising  to  the  south  of  Hofrat  en  Nahas  and  bending  eastwards  to  the  north  of 
latitude  10"  X  should  be  called  the  Bahr  el  Homr,  while  the  more  southern  river, 
rising  in  the  Dar  Fertit  hills  to  the  west  of  Lifii,  is  the  Bahr  el  Arab  or  Kir,  which 
has  the  Lol  or  Lolli  as  a  large  tributar>'  on  its  right  bank  in  its  lower  reaches. 
This  latter  is  to  be  distinguished  from  the  Khor  Lolle,  which  has  a  course 
parallel  to  the  Nile  above  the  Sobat  junction. 

It  will  be  seen  from  the  map  that  these  two  rivers,  the  Bahr  el  Homr  and  the 
Bahr  el  Arab,  have  a  general  direction  at  right  angles  to  that  of  the  Bahr  el  Jebel 
and,  in  consequence  of  the  Nile-Congo  watershed  running  in  a  north-westerly 
direction,  they  have  a  verj-  short  hill  tract  followed  by  a  long  plain  tract 
traversing  from  west  to  east  a  vast  plain  of  low  slope  which  extends  from  the 
23rd  to  the  32nd  meridian,  from  the  south  of  Darfur  to  the  mouth  of  the  Sobat, 
and  lyi^s  b-tween  the  slopes  of  the  Bahr  el  Ghazal  and  the  Bahr  el  Jebel  basins 
on  the  South,  and  of  the  Darfur  and  Kordofan  hills  on  the  north.  They  are 
thus  of  low  slope  through  most  of  their  course.  The  Bahr  el  Homr  (hitherto 
called  the  Bahr  el  Arab)  rises  in  the  hills  to  the  south  of  Hofrat  en  Nahas 
while  another  branch  comes  from  the  Dar  Minga  countrj-  to  the  west.  It  is  about 
750  kilometres  long  from  Hofrat  en  Nahas  to  its  junction  with  the  Bahr  el 
Ghazal  at  a  point  120  kilometres  up  stream  of  lake  No,  which  is  132  kilometres 
above  the  junction  of  the  White  Nile  and  the  Sobat  river. 

Measurements  of  the  upper  reaches  are  scarce ;  Felkin  crossed  it  in 
December  1879  in  long.  25'  20'  E.  after  a  season  of  unusually  hea\y  rain  and 
found  it  to  be  no  metres  wide,  with  banks  4.5  metres  high  which  are  flooded  in 
the  rainy  season,  when  the  whole  countrj'  is  a  vast  swamp. 

This  point  is  about  500  kilometres  above  the  junction  with  the  Bahr  el 
Ghazal. 

About  70  kilometres  from  the  Bahr  el  Ghazal,  where  crossed  by  Wilkinson  Bey 
in  January  and  December  1902,  the  river  is  100  metres  wide  with  water  from  0.75  m. 
to  I  m.  deep  ;  some  reaches  are  considerably  wider  and  in  these  especially  the 
surface  is  covered  with  g^ass  and  weeds. 

South  of  this  river,  and  geuerally  parallel  to  it,  is  the  Kir  or  Bahr  el  Arab, 
which  receives  the  streams  of  the  Dar  Fertit  hills  though  their  junction  with  it  is 
not  accurately  known.  It  joins  the  Bahr  el  Ghazal  about  55  kilometres  below 
Meshra  er  Rek  at  a  point  known  as  Ghabat  el  Arab,  having  received  a  considerable 


tributary,  the  Lol,  on  its  right  bank,  60  kilometres higheriip.  Both  these  rivers, 
the  Bahr  el  Honir  and  the  15ahr  el  Arab,  must  closely  resemble  each  other  in 
their  regimen. 

Except  in  the  region  of  their  hill  tributaries  the  rainfall  must  be  moderate 
and  the  drainage  lines  from  the  north  which  descend  from  Jebel  Marrain  Darfur 
are  said  rarely  if  ever  to  carry  water  to  them. 

In  the  rainy  season  much  of  the  level  countr\  through  which  the)'  flow 
becomes  an  inundated  swamp,  since  the  slope  of  the  rivers  is  very  low.  After  the 
rains  the  country  dries  rapidly  under  the  influence  of  the  northerly  winds 
blowing  from  the  arid  steppes  of  Darfur  and  Kordofan.  Though  no  levelling 
has  been  executed  in  this  region  Dye's  observation  that  the  high  stage  ( rise 
of  22  cm.  )  at  Meshra  er  Rek  occurred  at  the  end  of  November  .shows  that  the 
flood  rise  of  the  Sobat  affects  the  river  as  far  as  this  point,  and  consequently  the 
last  60  or  70  kilometres  of  the  Bahr  el  Homr  and  the  Bahr  el  Arab,  reducing  the 
water  slope  to  an  extremely  low  value  so  that  their  waters  flood  the  surrounding 
country  to  be  evaporated  in  the  early  months  of  the  year. 

Therefore  under  normal  tropical  conditions  of  rains  coinciding  with  the 
warm  season,  aided  by  slack  current  and  long  continued  flooding  due  to  the  effect 
of  the  Sobat  river,  marsh  vegetation  can  develope  most  favourably,  and  the 
blocking  of  the  drainage  lines  is  a  natural  consequence. 

All  who  have  visited  these  reaches  lay  stress  upon  the  difference  between 
the  sadd  in  them  and  in  the  Bahr  el  Jebel. 

While  in  the  latter  the  vegetable  material  is  swept  into  the  river  cimnnel 
by  storms,  and  is  there  packed  by  the  current  into  masses  of  ever  increasing 
density,  that  of  the  western  region  is  described  as  much  less  compact.  Marno 
s]ieaks  of  the  .sadd  of  iSSi  in  the  Bahr  el  Ghazal  as  composed  mainly  of  grass 
which  had  to  be  cut  and  hauled  on  to  the  bank,  and  Broun  saw  the  whole 
channel  of  the  Bahr  el  Arab  choked  with  the  long  rhizomes  of  the  grasses 
r.^,,:^.un  pvraiiiida/cnniX  PhragmUfS  communis.  The  sadd  oftlm  "-.1,-  -^i  _t,i„i  ,..^1 
the  Bahr  el  Ghazal  systems  is  thus  e.ssentially  different  in  both  character  and 
origin.  In  the  first  vegetation  is  drifted  by  storms  from  lagoons  into  an  ordinarily 
clear  river  channel,  in  the  second  it  grows  mainly  in  the  channel  and  receives 
only  some  additional  material  from  side  khors  and  lagoons  ;  the  first  is  abnormal 
and  re-appears  only  with  the  special  conditions  which  caused  it,  the  .second  is 
normal  and  is  developed  more  or  less  with  each  rainy  season.  As  supply  channels 
the  Bahr  el  Homr  and  the  Bahr  el  Arab  seem  most  unpromising.  Let  us  suppose 
that  both  channels  are  free  from  vegetation,  and  trace  their  annual  regimen. 

In  February,  March  and  April  they  are  at  their  lowest,  and  their  contributions 
to  the  Bahr  el  Ghazal  can  be  but  small.  In  May  the  Sobat  commences  to  rise 
and  also  the  western  tributaries  of  the  Bahr  el  Ghazal ;  by  July  and  August  the 
Sobat  has  probably  risen  2  to  3  metres  and  the  up-stream  water  .slope  is  much 
reduced.  The  critical  stage  is  soon  reached,  so  that  the  up-stream  levels  rise 
almost  equally  with  that  of  the  Sobat.  Any  slight  rise  in  this  level  basin  means 
excessive  flooding  and  great  loss  bj-  evaporation  for  there  does  not  exist  even  so 
shallow  a  valley  trough  as  that  between  Khartoum  and  Ducim.  There  1,500 
million  cubic  metres  are  stored  annually  for  2  or  3  months  and  it  forms  a 
useful  though  wasteful  reservoir. 

In  the  lower  reaches  of  the  Bahr  el  Ghazal  sj'stem  no  such  trough  exists, 
and  flooding  is  controlled. 


—  ]■[-,  — 

CHAPTER  IV. 
T  u  K    S  o  B  A  T   Rive  u. 

The  basin  of  tlie  Soliat  is  aljout  244,900  square  kilometres  in  area, 
l(!ss  than  half  the  size  of  that  of  the  Jkhr  el  (ihazal,  but  tlie  part  played 
by  this  catchment  area  in  the  economy  of  the  Nile  is  an  important  one. 
Tile  northern  Ijoundary  is  not  well  detined  but  may  be  considered  as 
approximating  to  an  east  and  west  line  through  the  station  of  Taufikia 
as  far  as  the  head  waters  of  the  Sonka  river  in  the  hills  of  the  Lega 
(iallas;  from  this  point  the  watershed  between  the  Sobat  and  the  Blue 
Nile  runs  south-east  to  the  Seshia  mountains  near  Shalla,  a  village 
l)etweeu  the  head  waters  of  the  Baro  and  the  Didessa.  It  now  continues 
slisihtlv  west  of  south  for  some  200  kilometres  and  then  turns  west- 
wards  between  the  districts  of  Boma  and  Musha  and  on  to  the  o])en 
]ilains  which  lie  Ciist  of  the  Bahr  el  Jebel  and  south  of  the  spurs  and 
outlying  hills  of  the  equatorial  plateau.  The  dividing  line  from  this 
point  between  the  Sobat  and  Bahr  el  Jebel  basin  on  the  western  side 
is  verv  ill-defined  as  part  of  the  rainfall  probably  drains  to  the  Bahr  el 
Zaraf  and  part  to  the  Sobat  by  the  Pibor  and  Khor  Filus,  but  by  far 
the  greater  portion  e\'aporates  ;  to  the  south  the  mountain  streams  in 
Hood  pour  down  on  to  these  plains  and  their  waters  also  evaporate 
eventually,  except  the  small  portion  which  reaches  one  or  other  of  the 
tribntiiries  draining  these  plains  to  the  north. 

The  Sobat  is  formed  by  a  luunber  of  rivers  all  of  Avhich  drain 
the  table-land  of  Ivatfa  except  the  Pibor  which  comes  from  the  open 
plains  to  the  east  of  the  Bahr  el  Jebel.  Of  the  others  the  Akobo,  the 
(iclo  and  the  Bela  join  the  Pibor,  while  the  Baro  receives  the  Birbir, 
the  Almo,  and  the  Sonka,  and  joins  the  Pibor  some  kilometres  above 
Xasser  to  form  the  Sobat. 

Here  we  meet  for  the  first  time  the  Abyssinian  table-land  wliich 
reaches  an  altitude  of  2000  to  2500  metres  near  the  source  of  the  Akobo 
and  about  2000  metres  at  (lore  and  2100  at  Shalla  near  the  head  waters 
of  the  Baro,  while  the  plain  at  the  foot  of  the  hills  does  not  usually 
exceed  800  metres.  (Granite  appears  among  the  lower  foot-hills  near 
the  Akol)o  ri\cr,  while  volcanic  rocks  (basalt)  overlie  it.^ 

On  leaving  the  foot-hills  of  the  plateau  the  Baro  is  about  200  metres 

'  Jes^ei),  '•  Gcog.  Jour.,"  l''eb.  I'Jd."),  |i    ICij!, 
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wide  Avitli  liiiili  wooded  banks  as  far  as  Itaii<i';  heyond  this  swampy 
flats  occur  where  trihutary  streams  like  the  Nij>X)l,  the  Tokau  and  others 
join  it  :  the  main  stream  is  now  in  its  plain  tract  and  flows  in  wide  curves 
occasionally  bifurcating  so  as  to  include  large  islands  between  its  branches. 
The  largest  of  these  is  al)ove  the  Pibor  junction  where  the  southern  arm 
is  known  as  the  Adura,  a  stream  some  100  metres  wide  which  includes 
an  island  some  50  kilometres  long  between  it  and  the  Baro.  Below  the 
Pibor  junction  the  rivci",  now  known  as  the  Sobat,  flows  in  meander 
curves  between  banks  on  either  side  of  which  park  land  alternates  with 
open  grass  plains;  islands  occur  here  ami  there  in  wider  reaches  but 
usually  it  is  in  a  single  channel  from  100  to  120  metres  wide.  Behind 
the  I)anks,  which  are  usually  higher  than  the  flood  rise  of  the  river, 
there  are  often  low  depressions  which  are  filled  with  water  in  the  rainy 
season  and  continue  to  exist  as  swam))s  for  some  months,  being  drained 
off  later  bv  the  natives  through  cuts  in  the  banks  in  order  to  cajiturc 
the  fish  in  them.  Just  before  the  Sobat  meets  the  ^\lnte  Xile  the  Khor 
Filus  comes  in  on  the  left. 

Climate. — The  climate  of  llie  Sobat  basin  presents  several  varieties, 
\\liitlirange  from  that  of  Doleib  Hilla  close  to  the  junction  with  the 
White  Nile  with  almost  Saharan  conditions  of  high  temjierature,  wide 
range,  and  great  dryness  in  the  dry  season,  to  the  mild  climate  of  the 
Abvssinian  plateau  where  the  temperature  varies  but  little.  The  ])lains 
probabl}-  approximate  closely  to  the  conditions  recorded  at  Doleib  Hilla, 
with  a  somewhat  longer  rainy  season  in  the  southern  parts.  The 
winds  are  north  and  north-east  in  the  dry  season  and  southerh'  durinjj 
the  rains,  but  close  to  and  on  the  plateau  the  diurnid  variation  between 
mountain  and  valley  winds  doubtless  affects  the  general  direction  and 
causes  the  westerly  winds,  Avhich  were  observed  at  Gore  by  Michel  in 
the  rainy  season.  It  seems  juost  likely  that  this  Kaffa-Wallega  plateau 
receives  the  heaviest  rainfall  of  Abyssinia  since  the  southerly  winds 
blow  against  this  high  table-land  for  al)out  five  months  of  the  vear. 

DoLBUi  Hilla.— Sept.  19U2-Dec.  ]'.i(i4. 
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As  already  uientionnd  '  the  Abyssinian  rainliill  is  due  to  the  moist: 
ail"  o£  the  south-east  trade  wind  coining;'  iu  euiitiiet  with  the  ele\at(!il 
mass  of  the  Abyssinian  plateau  2000  to  2500  metres  above  the  sea, 
where  its  moisture  is  condensed  and  falls  as  i-ain.  This  is  es])eeially 
marked  iu  the  soutliern  half  of  Abyssinia,  as  here  the  rain  is  s:iid  to 
be  heavier  and  more  continuous  than  in  the  north  where  the  southerly 
winds  are  weaker  and  have  already  lost  nnich  of  their  moisture. 

Commencing  with  the  district  of  Kaffa,  <iore  (21()0  metres)  is  an 
Abvssinian  frontier  town  on  the  south-western  extremity  of  the  Kaff; 
plateau  above  the  valley  of  the  I5aro  river.  Austin"  states  that  when 
he  was  there  on  ]\Iarch  12,  1900,  the  (!arly  light  rains  Avere  said  tcj 
bi'  uh-eady  overdue.  Later,  on  the  1st  May,  when  on  the  plains  south- 
west of  (iore  and  to  the  south  of  Baro  river  on  the  l)anks  of  the  (ielo 
he  e.\'i)erienced''  heavy  rains,  while  at  Nasser  at  the  junction  of  the 
Baro  and  Pibor  rivers  iu  the  same  year  the  river  Sobat  rose  o".")  metres 
between  the  7th  and  24th  June  and  by  the  end  of  June  was  high.  * 

At  Moger  (lat.  8°18'N.,  alt.  2160  metres),  between  the  head-waters 
of  the  Guder  and  theOmo,  Cecchi"'  in  LS7S  recorded  rain  as  follows: — 

.Inly  Aui;iist      September       Oetolier 

liuiiiydavs    22  27  22  C, 

l):iysolol)sorvati(ms 211  ;jl  2'J  2H 

The  rain  of  Julv.  and  especially  August,  was  heavy  while  that  which 
fell  in  Se])teniber  was  nuicli  lighter.  In  the  spring  and  siumucsr  of 
1.S7!)  he  was  at  Shalla  (lat.  7"  44' N.,  alt.  2070  metres)  and  there  the 
results  were: — 

Feb.     Mar.     .\|iril      .\biy     .liiin'     .Inly     Aiif,'.     Sept. 

Italnydays 1         S         C.        10       t\       24       2:i       2.") 

Ihiy.sofol.serviitions       ...         r>       IC         '.I         24        '.)       31       31        2'.l 

In  1897  and  1898  the  Bonchamps  exi)edition  was  for  some  time  in 
this  part  of  the  country  and  on  the  plateau  which  divides  the  tributaries 
of  the  Abai  from  those  of  the  Omo  and  Hawash.  Michel,"  who  accom- 
panied the  expedition,  reached  Gore  in  June  1897  and  experienced 
heavy  rains  until  he  left  at  the  end  of  August  in  the  middle  of  the 
wet  season  to  return  to  Addis  Abbai)a.  He  considers  that  the  rainv 
season  proper  in  these  parts  commences  about  the  middle  of  dune 
and  lasts  until  the  beginnhig  of  October,  the  remainder  of  the  year 


'  Cb.  I. 
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IxMiiii-  dry.  He  adds  that  on  these  plateaux  of  Abyssinia  there  is  aliniit 
'20  days  rain  at  the  end  of  Feljruary,  and  in  March,  April  and  May 
Fonie  3  or  4  falls  of  rain  oceiir  each  month;  the  end  of  May  is  marked 
by  frecjuent  thunderstorms  wliidi  herald  tlie  rainy  season.  Tliougli  it 
is  not  s])ecially  stated,  it  is  proumably  the  Wallega  plateau  south  of 
the  Abai  which  is  specially  referred  to  as  M.  Michel  traversed  this  four 
times.  At  first  in  the  daily  thunderstorms  rain  falls  durinf;-3  or  4  hours 
cadi  afternoon;  by  tlic  \M\  of  June  the  rain  increases  and  falls  also  at 
night,  and  increasing  throughout  July  it  is  practically  continuous 
during  August  and  September.  The  wind  here  (in  the  neiglibourhood 
of  Bure  and  Gore)  in  the  rainy  season  is  from  the  Avest,  and  from  the 
north-east  in  the  dry  season.  For  1-20  duly,  1S97,  the  mean  minimum 
temperature  at  Gore  was  10°  (X'  and  the  mean  maximum  24°  2'. 

Since  this  south  Abyssinian  ])latcau  supplies  the  Didessa,  and  other 
southern  tributaries  of  the  Abai  the  rainfall  in  this  part  is  of  great 
importance  to  the  Nile  flood.  Plowden  '  states  that  the  rains  in  Gojam 
begin  in  June  and  end  only  in  October  being  about  a  month  earlier  and 
a  month  later  than  in  Amhara  and  Tigre. 

On  the  plateau  of  the  Lega  Galla  country,  to  the  west  of  Addis 
Abbaba,  Major  GuTun  noti^d  in  February  li)00  that  the  prevalent 
wind  was  from  the  SW.  and  usually  liglit.  This  is  ])robably  only  the 
valley  wind  blowing  up  fi-oni  the  |)lain  to  the  higher  plateau,  since  at 
this  season  of  the  vear  the  north  winds  extend  as  far  as  latitude  4°N. 
at  least.  The  natives  stated  that  the  light  rains  began  here  about  the 
end  of  March,  and  continued  till  the  beginning  of  June  with  gradually 
diminishing  intervals  of  fine  weather.  The  heavy  rains  commence  with 
June.  In  1903  at  the  end  of  IVIay  the  rains  were  already  setting  in  at 
Nasser  and  the  Baro  had  risen  considerably  but  irregularly  near  Itang  as 
successive  freshets  came  down,  showing  tliat  the  continuous  rains  of  the 
wet  season  had  not  yet  fully  set  in.  By  the  third  week  of  June  the 
cloud  zone  ceased  30  kilometres  north  of  Kenk,  in  latitude  12°  N.  on 
the  White  Nile,  and  from  Jebelein  northwards  the  weather  was  com- 
})letely  different  from  that  further  south  being  hot  and  dry  with  clear 
skies.  Major  Gwynn  also  records  that  at  the  beginning  of  April  1901 
at  Aroji  on  the  west  side  o£  the  Didessa  river  rain  fell  heavily  both  by 
da}',  and  also  by  night,  for  about  a  week  while  he  was  marching  through 
the  Wallega  district  and  the  country  showed  sigiis  of  rain  having 
previoush-  fallen  as  there  was  already  a  considerable  growth  of  young 
grass.     At  the  same  time  Captain  Smythe  experienced  very  heavy 

'  .Miyssiiiia  aiiiltlic  (i;i!l;i  Ciunitf}'.  I,i>niliii\,  p.  S**. 
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rain  iit  Kiriu  in  Ut-iii  Shuiigul,  Avhkh  caused  floods  in  all  tlie  kliors. 
It  was  these  rains  which  caused  the  slight  rise  of  the  Nile  from  the 
1  Itli  to  the  25th  of  April  at  lioseires  in  this  year,  and  affected  at  the 
W'adi  Haifa  gauge  in  the  middle  and  end  of  May. 

Early  in  May  1901  ^laior  (iwvnn  noticed  that  heayy  clouds  liuiifif 
oyer  the  ])lateau  of  Beni  Shangul,  but  at  l*'amaka  on  the  Blue  Nile  and 
to  the  north  of  it  the  sky  was  clear  and  no  rain  has  yet  fallen,  though 
there  had  been  a  good  deal  in  Beni  Shangul;  but  about  the  middle  of 
May  the  rains  passed  to  the  north  of  the  Blue  Nile,  and  by  the  2')th  the 
rise  of  the  river  at  Boseires  set  in. 

Thus  in  the  districts  of  Kaft'a,  Wallega,  and  Beni  Shangul,  the  rainy 
.sea.son  opens  with  light  rains  between  the  middle  and  end  of  March. 
These  continue  throughout  A]iril  and  May  gradually  increasing  in 
frequency  till  they  merge  into  the  heavy  rains  which  are  considered  to 
set  in  at  the  beginning  of  June. 

Hydrography. — The  Sobat  differs  in  its  regimen  from  most  of  the 
other  rivers  of  the  Xile  basin  since  it  is  lowest  at  the  end  of  April  and 
then  rises  slowly  but  steadily  till  the  end  cjf  November,  when  it  reaches 
its  maximum,  after  which  it  falls  rather  rapidly.  Gauges  exist  at  the 
American  Mission  at  Doleib  Hilla,  about  3()  kilometres  from  its  junction 
with  the  AVhite  Xile,  and  at  Nasser  275  kilometres  upstream,  but  the 
latter  is  not  wholly  satisfactory  since  it  is  not  yet  clear  whether  the 
same  gauge  has  been  used  throughout.  The  cause  of  the  steady  rise 
and  fall  of  the  lower  Sobat  is  to  be  found  partly  in  the  wide  extent 
of  the  western  Abyssinian  plateau  from  lat.  6°  N.  to  lat.  9°J  N.,  a 
length  of  about  400  kilometres,  which  is  drained  Ijy  the  streams  which 
How  to  the  main  river  but  more  in  the  Hooding  of  the  plains  south  of 
Baro,  and  the  long  course  of  low  slope  from  the  mountain  foot  to 
the  White  Nile.  The  rains  on  this  plateau  fall,  as  has  been  said, 
fi-oni  March  to  October  while  the  ])lains  at  the  foot  of  the  hills  are 
Hooded  by  the  heavy  August  and  September  rains.  Commencing  on 
the  north  there  is  the  Sonkii  river  which  rises  in  Jebel  Seiiti  (1900 
meti-es)  in  the  country  of  the  Lega  (iallas  and  Hows  west  and  then 
south  joining  the  Baro  30  kilometres  up-stream  of  Nasser.  Next  a 
number  of  small  streams  form  the  Khor  (iarre  or  Tokau  which  joins 
the  Baro  about  halfway  between  Itang  and  Nasser. 

The  Baro  itself,  the  main  tributary  of  the  Sobat,  has  been  followed  as 
far  as  3  km.  above  its  junction  with  the  Birbir '  where  it  flows  through 

1  560  kilometres  from  the  mouth  of  the  Sobat. 
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a  deep  gorge,  in  a  bed  40  to  (>()  metres  wide,  having  a  rocky  tjottora 
wliich  formed  a  series  of  rapids  in  F(-l)ruary.'  Ueyond  this  jKjint  the 
exact  line  of  the  valley  is  not  known  but  it  ris(;s  iu  the  Seshia  hills 
near  Shalla  which  is  situated  at  an  altitude  of  2070  metres,"  al>out 
750  kilometres  from  the  White  Nile. 

After  the  junction  with  tlie  Birbir  low  rocky  hills  approach  the  banks 
which  are  thickly  Avooded,  and  numerous  stream  beds  meet  the  main 
stream,  but  in  February  these  are  all  dry  except  the  Bongo  which 
comes  in  on  the  left  bank,  and  is  described  In'  Austin  (February  1899) 
as  being  15  to  20  yards  wide  and  6-9  inches  deep. 

The  river  in  this  reach  is  known  as  the  Upeno.  I>y  the  time  it 
reaches  the  village  of  Itang  the  woods  cease  and  open  grass  country 
extends  along  the  right  bank  while  on  the  left  grass  plains  alternate 
with  mnrshes.  The  river  Baro  is  here  230  metres  wide.  At  this  point 
the  tributary  stream  Xigol  or  AIiu'o  is  onl}'  3  km.  distant  from  the 
left  bank,  its  bed,  which  is  about  30  metres  wide,  was  dry  iu  April  1X99 
but  Austin  remarks  that  in  Hood  tiuie  it  may  be  an  important  stream 
perliaps  60  metres  wide. 

South  of  this  all  the  rivers  flow  to  the  Pibor  except  the  Aluro  and 
one  or  two  smaller  ones  which  lose  themselves  in  the  swam])y  depres- 
sions. The  Aluro  where  it  turns  northwards  was  found  in  April  to 
bs  7  metres  wide  and  breast  deep  '  while  about  30  kilometres  higher 
up  it  was  10  metres  wide  and  1  metre  deep  in  ^lay,  which  increased 
in  June  to  20  metres  wide  and  3  metres  deep  with  a  strong  current ;  ■* 
the  Bela  or  Xikani  seems  neither  to  reach  the  plateau  nor  to  be  of 
any  importance. 

The  Gelo  rises  in  the  Shekko  district  of  south-western  Abyssinia  " 
and  here  flows  through  the  densest  forest,  finally  breaking  through 
a  gaj)  in  the  mountains  in  a  series  of  magnificent  cascades;  on  leaving 
the  Abyssinian  hills  the  country  becomes  increasingly  flat  and  swampy 
until  it  flows  by  Lake  Tata.  The  Gelo  is  described  as  a  "mighty 
rivi^r"  in  its  upper  reaches  and  it  is  due  to  loss  of  its  water  in  the 
numerous  swamps  that  by  the  time  it  reaches  the  PiI)or  in  hit.  <S^  <S' 
it  has  dwindled  to  moderate  dimensions.  At  this  point  in  May 
1900  it  was  25  to  35  metres  wide  with  a  swift  current.  "  It  is  still  a 
large  stream  80  to  100  metres  wide  below  lake  Tata,  while  30  kilometres 
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hiulier  up  it  was  in  May  ;^0  to  SO  iiiotrt^s  wide  1  to  i\  metres  deeji, 
tiowiiif^  between  banks  G  to  9  metres  high  at  the  rate  of  about  1  JJ  metres 
psr  second;  in  June  it  was  5  to  6  metres  deep  with  a  strong  current. ' 

The  Akobo,  which  is  the  most  important  tributary  of  the  Pibor,  rises 
in  the  highlands  of  Kaffa  in  lat.  6°  80'  N.  at  an  altitude  of  about  900 
metres  and  after  a  course  of  about  90  kilometres  it  is  joined  by  the  Kaia  ; 
al)ove  this  point  the  Akobo  is  10  to  25  metres  wide  and  flows  ra])idly 
with  a  depth  of  from  1  to  .S  metres'  (May);  the  Kaia  contains  but 
little  water  at  this  time  but  would  seem  to  be  a  considerable  stream  in 
tlie  rains.  Further  down  the  Akobo  is  at  first  00  metres  in  breadth 
i)ut  later  it  decreases  to  2")  or  30.  Nearly  all  these  tributaries  rise  in 
the  Kaffa  highlands  where  the  rainfall  is  both  heavy  and  j)rolonge(l, 
and  therefore  they  nuist  bring  dc  wu  a  considerable  amount  of  sand 
and  silt  in  suspension,  which  is  mostly  deposited  wlien  the  velocity  of 
the  stream  is  checked  on  meeting  the  level  plains.  Thus  at  a  distance 
of  GO  or  70  kilometres  from  the  plateau  tlie  slope  of  the  country  has 
become  ver}'  flat  and  wide  swampy  tracts  occur  which  dniin  into  the 
rivers  by  means  of  the  short  streams  which  lead  from  them;  the  rivers 
become  meanderinj;  streams  flowinj;  in  well  defined  channels  cut  in  the 
level  surface  of  tlie  plain.  In  tlm  rains  the  whole  of  this  country  is 
flooded  and  gradually  drains  off  as  the  rivers  fall.  The  Pibor  receives 
these  streams  in  the  oi)en  plains  which  lie  to  the  east  of  the  Bahr  el 
Jebel,  and  when  recently  (Jidy  1904)  it  was  explored,  it  was  found 
some  50  kilometres  east  of  Bor  to  be  a  narrow  water  channel  20  metres 
wide  and  1  metre  deep  in  a  vast  extent  of  flooded  country  where  the 
water  was  then  from  0'30  to  0*50  metre  deep.  The  channel  was  15 
to  20  metres  wide  occasionally  widening  to  50  metres.and  had  at  first 
a  northerly  then  north-easterly  direction;  the  depth  was  usually  from 
4  to  ()  metres  and  well  defined  banks  only  begin  some  25  kilometres 
above  its  junction  with  the  Agwei  river;  the  current  is  .said  to  be  about 
0'3  metre  to  0"5  metre  per  second. 

Its  tributary  the  Agwei  is  described  as  flowing  between  banks  1 
metre  high,  with  an  average  breadth  of  30  metres  and  a  depth  of  6 
metres  at  the  end  of  August  the  velocity  being  estimated  at  about 
0"5  metfe  per  second.  Though  the  Pibor  receives  so  many  streams  in 
an  area  of  heavy  rainfall,  the  volume  which  it  supplies  to  the  Sobat 
does  not  seem  to  be  large  ;  it  was  measured  in  October  1901  by  Captain 
Wilson  at  point  just  above  the  junction  of  the  Akobo  river  and  found 
to  be  70  cubic  metres  per  second,  the  depth  being  4"5  metres.     The 
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Akobo  on  about  the  same  date  was  discliar^fiiii^  only  10  culjic  metres  per 
second  though  the  clear  \vaterv\-av  was  15  metres  wide  and  4'5  metres 
di'0|),  tlie  whole  width  including  reeds  being  60  metres.   (Plate  XIV). 

The  plains  of  the  Upper  Sobat  therefore  are  a  wide  expanse  of  level 
country  through  which  a  number  of  streams  meander  in  usually  well 
defined  and  deep  channels.  The  niins  which  Ijegin  on  the  plateau  in 
March  and  on  the  plains  in  ^lay  become  very  iieavy  in  July,  August 
and  September,  and  last  into  October,  causing  the  rivers  to  overflow 
their  banks  and  Hood  the  plains.  Tiiough  much  of  this  is  lost  by 
evaporation  still  a  consideraljje  (piantity  flows  into  the  Sobat  and  keeps 
up  its  level  till  the  end  of  Xovember.  It  is  incorrect  to  say  that  the 
tributaries  meet  and  form  extensive  swamps  from  wdiich  the  SoUit 
has  its  origin,  '  since  the  Baro  and  Sobat  form  a  clear  and  continuous 
waterway,  while  the  Pibor  joins  the  Baro  direct  and  is  joined  in  the 
i-ame  way  by  its  own  tributaries;  the  swamps  are  formed  by  the  rivers 
overflowing  their  banks  in  the  rainy  season  but  they  all  have  well  defined 
beds  and  the  moderate  volume  discharged  is  due  to  the  low  slope  and  the 
occasional  blocking  of  the  channels  by  vegetation,  rather  than  to  swamps 
or  laufoons  receivinij  their  waters.  So  lonif  as  the  Baro  is  high  the  water- 
slope  of  the  Pibor  must  be  very  slight,  but  when  the  former  river  falls, 
the  di.scliarge  of  the  Pibor  becomes  considerable.  The  only  lake  in  the 
jilain  tract  of  these  rivers  is  the  small  lake  Tata,  which  is  connected  with 
the  (tcIo  river  but  does  not  form  a  basin  into  which  the  river  flows.  - 

Below  its  junction  with  the  Pibor  the  Sobat  maintains  a  width  of  100 
to  150  metres,  occasionally  in  the  neighbourhood  of  islands  reaching 
300  metres.  It  has  a  deep  section  and  high  well  defined  banks  which  are 
only  inundated  in  the  upper  reaches,  and  beyond  these  there  lies  usually 
a  belt,  more  or  less  continuous,  of  low-lying  land  which  becomes  a 
series  of  swamps  on  the  commencement  of  the  rainy  season.  Beyond 
the   swamps  is  the  higher  park-like  country  with  scattered  villages. 

Near  the  junction  with  the  "White  Nile  it  is  joined  by  the  Khor 
Filus  from  the  south.  This  Khor  30  to  40  metres  wide,  has  been  fol- 
lowed^ as  far  south  as  lat.  8^  N.  a  distance  of  about  130  kilometres  from 
the  Sobat  and  beyond  this  it  was  stated  by  the  natives  to  be  connected 
with  the  Bahr  el  Jebel  in  the  neighbourhood  of  Bor.  The  channel 
widens  in  places  to  70  and  80  metres  but  is  always  much  choked  by 
weeds,  etc.;  in  August  1902  no  ajipreciable  current  existed  in  this  khor 
so  far  as  a  steamer  could  penetrate.     It  appears  to  be,  like  the  upper 
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Pibor,  a  -water  channel  which  is  too  much  blocked  by  veifctable  <jTO\vth 
to  be  of  any  practical  importance, tliough  acting  as  a  drainage  line  to  a 
moderate  degree. 

From  the  foregoing  details  it  is  possible  to  form  a  fairly  complete 
idea  of  the  regimen  of  the  Sobat  basin.  The  rainfall  of  the  Abyssinian 
plateau  is  carried  off  by  a  number  of  streams  flowing  down  deeply 
eroded  valleys  whose  high  slope  and  narrow  sections  mark  them  as 
young  in  develo2:)ment.  At  the  end  of  March  with  tlic  vavW  rains 
these  streams  rise,  but  the  effect  is  not  felt  far  and  it  is  not  till  May 
that  their  flood  waters  begin  to  affect  the  lower  readies.  These 
mountain  streams  in  falling  from  altitudes  of  about  2000  metres  on  the 
plateau  to  about  (JOG  to  SOO  metres  on  the  plains  at  the  foot  of  it,  must 
do  a  great  amount  of  erosive  work,  charging  the  flood  waters  with  sand 
and  mud  but  as  they  all  enter  a  gently  sloping  alluvial  jtlain  on  Icavingthe 
hills  the  greater  part  of  their  load  nmst  be  deposited  before  it  has  been 
carried  far.  The  consequence  of  this  is  that  the  beds  of  these  streams 
are  rapidly  raised  by  the  deposit  of  material  which  the  stream  has  no 
longer  the  power  to  transport  on  account  of  its  reduced  velocity,  and 
therefore  the  waters  spread  over  the  banks,  converting  the  ])lains  into 
marshes  or  inundated  areas.  The  Daro  increased  by  the  Birbir  and 
other  tributaries  follows  a  direct  coarse  to  the  Sobat  and  thus  retains 
its  velocity  better  than  streams  like  the  Akobo,  the  Gelo,  and  others 
which  meander  through  the  alluvial  plain  for  a  greater  distance 
consequently  it  is  the  principal  factor  in  raising  the  level  of  the  lower 
Sobat.  This  stream  rising  rapidlv  in  flood  checks  the  flow  of  Pilx^r 
by  raising  the  water  level  at  the  junction  so  that  the  large  flooded 
area  through  which  the  Pibor,  the  Akobo  and  the  Gelo  flow  cannot  be 
drained  till  the  Baro  begins  to  fall  at  the  end  of  the  sunnner. 

Of  these  streams  in  their  mountain  tract  very  scanty  data  t'xist, 
^licher  gives  a  few  for  the  Birbir  and  the  Baro  which  are  of  consider- 
able intei'est  and  are  here  reproduced. 

The  Baro  was  measured  above  its  junction  with  the  Birljir,  and 
consequently  before  it  left  the  hills,  with  the  following  results : — 
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this  would  giv(!  !i{)])roximatc'lv  a  volume  oi"  'M)()  cubic  metres  per  second 
discharged  at  high  stage  and  ahout  'M)  cuhic  metres  at  low  stage. 
The  Birhir  was  also  measured  near  its  junction  with  the  Baro  : — 
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corresponding  approximately  to  a   volume  <jf  450  cubic  metres  per 
second  in  flood  and  to  120  cubic  metres  at  low  sfevge. 

Ho  says  that  these  rivers  rise  at  the  beginning  of  June  and  are  at 
highest  stage  in  July  and  August,  low  water  being  from  January  to  May. 

On  November  11,  1904,  Capt^iin  Wilson  found  the  Birbir  some 
kilometers  abo\e  the  junction  73  metres  wide,  about  4  in  mean  depth 
and  flowing  2  to  2'o  metres  per  second.  This  would  correspond  to  a 
discharge  of  about  (500  cubic  metres  per  second. 

Without  doubt  then  the  Baro  increased  by  the  Birbir  is  the  main 
supply  of  the  Sobat  and  by  its  stead}'  flood-rise  in  June,  July  and 
August  followed  by  a  period  when  it  stands  at  a  high  level,  it  checks 
the  flow-off  of  the  Pibor  and  its  tributaries  thereby  contributing  to 
the  flooding  of  the  plains  south  of  the  Baro.  The  Pibor  and  Akobo' 
discharged  respectively  70  and  10  cubic  metres  per  second  in  October 
but  in  December  this  increases  when  tlie  Sobat  is  falling. 

Below  the  junction  with  the  Pibor  tlie  Sobat  flows  in  the  well-defined 
channel  which  it  has  cut  in  the  alluvial  plain,  meandering  in  niunerous 
curves.  Ill  X\m\  it  is  at  the  lowest  level  though  in  some  years  slight 
t(;mporar}-  rises  occur,  but  in  the  first  half  of  May  an  increase  is 
noticealjle  usually  becoming  a  steady  rise  before  the  end  of  the  month 
and  this  continues  at  a  gradually  diminishing  rate  until  the  end  of 
September. -..- The  fall  begins  in  November  or  December  at  Doleib 
Hilla  accordino-  to  the  strcn<jtli  or  weakness  of  the  autumn  rains  on 
the  plateau  of  Abyssinia,  and  in  1904  it  began  exce]itii)nally  early. 
The  irauire  at  Nasser  shows  a  decrease  one  month  earlier  than  at  Doleib 
Hilla  but  the  gauge  at  the  former  place  is  as  yet  imcertjiin,  for  it  seems 
that  in  high  flood  a  second  gauge  near  the  fort  had  to  be  used,  since 
the  river-bank  is  floode<l  and  the  correlation  of  these  two  scales  is  open 


1  Measured  by  Captain  H.  Wilson  at  the  end  of  Oct.  1901.  (Plate  XIV). 

2  See  Plat.'  XV. 
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to  doiiht.  This  slow  rise,  the  loii^'  pi'riod  of  lii^ii  stiij:(^,  liistiiiii'  i'roin 
8  to  o|-  months  and  the  nipid  I'all  (Hstingnishes  the  ^^oliat  fnini  all 
other  tributaries  of  the  Nile,  except  perhaps  the  Didessa  which  rises 
near  it  (see  p.  144).  Tiie  causes  Avhich  produce  these  characters  are, 
firstly  the  early  rains  of  April  and  May  which  <>Tadually  increase  to 
the  maximum  of  the  heavy  rains  in  Aufjust,  secondly  the  long  conti- 
nuance of  the  rains  due  to  tlie  houtiierly  ])Osition  of  the  district  of 
Kaffa  which  keeps  up  the  supply  of  the  streams  longer  than  in  more 
northern  districts,  and  finally  the  inundated  flood  plains  of  the  southern 
tributaries  are  drained  off  in  Nnvcmlx'r  or  Deccmljcr  resulting  in  the 
ra])id  fall  of  the  Sol)at. 

The  long  ])lain  tract  traversed  by  the  Sobat  and  its  tributaries 
smooths  all  the  sharp  variations  in  level  wdiich  they  show  in  their 
mountain  tract ;  and  in  the  diagram  the  regulating  effect  of  the  Hooded 
Pibor  plains  is  well  seen  by  the  difference  between  the  rapid  fall  of 
the  Baroat  Gambela  (540  kilometres  from  the  White  Nile)  in  the  end 
of  September,  while  Sobat  in  its  lower  reaches  continues  to  rise  for 
one  or  even  two  months  more. 
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The  discharge  of  the  Sobat  has  Ix'ca  measured  on  numerous  occasions. 
Werne'  records  December  S,  1S40,  that  the  mouth  of  the  Sobat  may  be 
500  paces  wide,  the  dei)tli  (i  fathoms  and  the  velocity  2  miles  per  hour 


1   Tlu-  Wliit.'   Nile 


.1.  I..  p.  l.-.l. 


l)iit  this  lie  corrects  when  visitnif;;  tlie  river  luter  (Marcli  11,  1.S41)  ' 
to  loO  metres  wide,  3  fathoms  deep,  the  depth  on  the  vovajje  up 
(Dec.  LS40)  being  4  fathoms;  this  would  give  the  December  discharge 
as  about  700  cubic  metres  per  second. 

The  next  measurement  was  made  by  Knoblecher'  December  2,  1849 
who  found  the  river  at  5  kilometres  above  the  junction  to  be  100  me- 
tres wide  with  a  mean  depth  of  G  metres  and  a  mean  velocity  of  0-333 
metre  per  second  which  corresponds  to  a  volume  of  200  cubic  metres  per 
second  discharged,  a  very  low  value  for  this  season. 

In  1862  Pruyssenaere  ^  visited  the  Sobat  and  ascended  it  as  far  as 
the  villiige  of  Petherick's  interpreter  ( lat.  9'  2'  22"  N.)  and  measured  a 
discharge  of  the  river  on  June  15  with  the  following  result: — 

AVidth  317  metres,  depth  8  metres  in  centre  4  metres  at  10  metres 
from  the  banks  while  the  velocity  was  rather  over  2  kilometres  per  hour 
or  0'56  metre  per  second;  from  this  is  deduced  a  section  of  1939  square 
metres  and  a  discharge  of  1066  cubic  metres  per  second.  The  point 
of  measurement  is  about  160  kilometres  from  the  junction  with  the 
White  Nile.  At  this  time  the  river  was  already  rising  rapidly  since  he 
records  a  rise  of  4  feet  between  the  9tli  aiid  1 6th  of  June. 

In  April  18()2  Petherick  '  measured  the  discharge  but  no  details  are 
given,  it  was  doubtless  near  the  mouth  of  the  river  and  the  result  was 
120  cubic  metres  per  second. 

On  June  6  of  the  following  year  18(J3  Petherick  ^  again  measured 
the  discharfTC  with  the  followin"'  result  : 

Total  widtli  =  :W  feet  .'i  iiiclie-  =  '.H  metres. 

Veloeit}-  lli  feet  ."i  inches  in  14  seconds  =  0'lii)i>  metre  jier  second. 

The  depths  (in  the  section  were  : — 

Metres     tC>       ")i       ."i'T       lO'S       Il'M       ]{y2      '.fit      7-7      4-.S 

giving  a  discharge  of  233  cubic  metres  per  second  at  a  point  described 
as  half  a  mile  above  the  junction  with  the  White  Nile. 

De  Malzac's  i)aper  quoted  by  Lejean  show  that  he  measured  a 
discharge  opposite  the  Sobat  fort  on  April  4;  the  year  is  not  stated 
but  it  was  probably  1859." 


I  Ibid  vol.  II,  p.  234. 

»  Jahrb.   k.k.  '-Central  Aiistalt  Motcur.  ii.  Erdmn?.  lid."  VII,  p.  .-,:!(). 

•■'  IVt.  Mitt.  Kiranziingsljaiut.  XI.  1877. 

*  Jour.  U.   (ieog.   Soc.  18f>.->,  p.  2Sli. 

^  Proc.  Iw.  (icc)<;.  Soc,  VIII, 

«  liiill.  Sue.  (ieii;:..  .Iiinc  l>ii!2. 


—  l.ys  — 

The  total  width  was  (W'ii  iiu'trcs  and  the  velocity  was  17"SJ  metres 
j)er  mill,  or  0"298  metre  per  second. 

The  measurements  in  metres  were  as  under : — 

l^i.-^taiite  from  right  liank      .'3       Id      17      24      31       'M      4.0      '>2      54      ('..'i 
Depth      1-4    2-2    4-2    .r7     S'tf    S'S    4-C    4-5    32    21 

The  result  gives  80  cube  metres  per  second  as  the  volume  discharged. 

In  1874  Lieut.  C.  M.  Watson  R.  E.  was  at  the  mouth  of  the  Sohat  on 
the  25th  October  1874.  '  The  width  was  f'uuiul,  l)y  triaiigulation,  to 
l)e  1.S4  metres  ;  the  velocity  as  the  average  of  a  numl)er  of  trials 
1"85  kilometres  per  hour  or  0'9o3  metre  per  second  while  the  river  is 
described  as  quite  full.  If  to  this  width  we  join  the  depths  obtained 
in  recent  measurements  the  discharge  would  be  about  910  cubic  metres 
])er  second. 

During  the  ])ast  .5  years  more  careful  measurements  have  l)eeii  made 
at  low  stage  and  at  flood,  which  are  given  in  the  following  table,  but 
no  accurate  values  are  yet  available  for  November  just  before  the  fall 
commences  and  these  would  be  of  interest.  Besides  Watson's  obser- 
vation above,  that  of  Lieut.  Julian  I'aker  already  (juoted,*  shows  that 
the  effect  of  the  Sobat  flood  up  to  rJeceml)er  is  very  great. 

SciIiAT   RiVEH. 
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It  has  l)eeii  fre(|ueiitly  stated  that  the  water  of  the  Sobat  in  flood  is  of 
a  milky  white  colour  and  that  this  gives  the  name  of  the  White  Nile  to 
the  main  stream  into  which  it  flows,  but  more  accurately  the  colour  of  the 
flood  water  is  a  light  brick-red  •when  the  ri\er  is  rising  to  its  maximum 
but  by  November  it  has  cleared  to  a  milky  white  as  all  the  heavier 
particles  have  been  dej)osited.     By  the  time  the  water  reaches  Doleib 


•  MS,  Holes  kindly  coiniiumicated  by  Col.  Sir  C.  Wntson. 

2  p.  120. 

3  Obtained   by  dirt'erence   between  volnmei'  dineliarged    by  Wliilu  Nile  above   and    below   Sobat 
mouth. 
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Hilla  lifter  its  course  of  500  kilometres  tlirougii  tlie  ulluvial  pltiiu  it 
coiitiiins  very  little  niiueral  matter  in  susjiensioii,  as  is  shown  by  the 
following  analysis'  of  a  sample  taken  in  September  1903  about  25 
kilometres  from  the  mouth  : — 

I'arts  jiar  iiiilliuii 
111  siispciisioii: — 

()r;;!inic  matter traces 

Mineral        l.S'C 

In  solution:  — 

Lime ]2*S 

Majriusia .V.'j 

Soda        I  \y   t    1   i         •       1 

T>   ,     1      , INot^  lU'termiiiec 

Ammonia  IVom  or;;aiiic  matter       0*25 

('ariioiiit'    aeid Not  dctorniincd 

Snlphuric    „ trace 

Nitric  „ „ 
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^Tliis  low  amount  of  suspended  matter  ex[)Iaiiis  the  comparative 
freedom  of  the  White  Nile  from  sand  banks  in  spite  of  its  low  velocity 
an<l  the  laroc  voltnne  of  water  which  it  receives  from  the  Sobat  in  flood. 
The  island  innnediately  ojjposite  the  Sobat  mouth  may  l)e  due  to  the 
deposited  material  l)rought  down  by  this  river  but  also  it  may  be 
due  to  the  ponded  up  waters  of  the  \Vhite  Nile  having  gradually  cut 
a  channel  behind  the  present  island  thus  facilitatiu"-  the  drainage  of 
the  flooded  area  up-stream. 

Summary.  —  In  the  Sobat  river  then  we  have  a  comparatively 
sh(n-t  mountain  tract,  probabh'  not  much  exceeding  200  kilometres  in 
length  from  its  sotn-ce  to  (Jaml)ela,  in  which  the  stream  descends  about 
1200  to  1400  metres;  beyoml  this  is  a  length  of  .540  kilometres  in 
■which  the  rapid  flushes  of  the  upper  river  die  out,  producing  a  reo-ular 
rise  and  fall.  This  association  of  mountain  and  plain  tracts,  with  l)ut 
a  short  intervening  region  of  valley  tract  where  the  slope  is  moderate, 
results  first  in  a  large  deposition  of  suspended  material  immediately 
on  rea<'hing  the  plains,  and  also  in  an  extensive  flooding  of  the  level 
country,  which  partly  is  evaporated  and  partly  maintains  the  \e\v\  of 
the  Sobat  in  October  and  November  when  the  rains  on  the  tableland 
have  greatly  diminished. 

The  share  of  the   Sobat  in  the  regiiiicu  of  the  Nile  is  an  imj)ortant 


•  Tiy  Mr.  A.  I,Mcas  in  tlic  Survey  ncpiirtiiient  Laliyrator)'. 
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one;  in  Ajiril  tliL'  400  <'ul)ic  metres  ])C'r  second  t'liniislieil  \i\  tlie  Wliitc 
Nile  upstream  of  it  is  increased  by  its  early  rise  as  soon  as  the  rains 
reach  the  Abyssinian  hills,  while  its  Hood  water  ponded  up  in  the 
White  Nile  valley  during  the  Blue  Nile  flood,  increases  appreciably  the 
su])ply  in  December  and  Jamiary.  Finally  the  Sobat  together  with 
the  Blue  Nile,  as  the  two  varialile  factors  of  the  low  stage  suj)ply, 
determines  whether  the  sununer  supply  (March  to  June)  in  Egyj)t 
is  a  good  or  bad  one,  a  matter  of  no  small  importance  in  tin;  present 
time  of  extended  perennial  irrigation. 
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CHAPTEK  V. 

The  White  Nile  oh  ?.aiik  ei,  Abvad. 

Tlie  White  Nile  or  hiihv  el  Ahyiul  is  ut-u:illy  considered  to  begin  ;it 
lake  No,  where  it  is  formed  l)y  the  junction  of  the  Bahr  el  Jebel  and 
Balu'  el  (ihazal  ;  flowing  eastwards  after  7()  kilometres  it  receives  the 
waters  of  the  Bahr  el  Zaraf  and  4.S  kilometres  further  it  is  joined  by  the 
Sobat  on  the  right,  which  drains  the  south-western  parts  of  the  Abys- 
sinian highlands.  At  this  point  the  water  furnished  by  the  lake  ])lateau 
and  the  basins  of  the  Bahr  el  Ghazal,  Bahr  el  Jebel  and  Sobat  is  collecte<l, 
and  no  further  addition  is  made  to  the  White  Nile  except  a  trifling 
i|uantity  by  the  Khor  Adar,  and  the  very  moderate  rainfall  which  docs 
not  exceed  900  nnn.  in  the  southern  [)art  of  the  basin  and  rapidly 
diminishes  northwards  ;  the  eva])oration  from  its  surface  is  very  large 
in  the  dry  season,  and  even  in  the  rains  must  be  consideral)le. 

Above  the  Sobat  the  Whiti;  Nile  l)iisin  is  of  small  extent  ;  a  certain 
amount  of  plain  on  the  left  bank  flooded  in  the  rainy  season,  and  partly 
di'ained  by  the  Lolle,  together  with  a  small  area  on  the  right  bank 
between  the  Bahr  el  Zaraf  and  the  Sobat  constitutes  the  whole  of  it.  No 
extra  supj)ly  of  water  is  furnished  by  this  part  since  it  is  mostly  floixled 
by  the    White   Nile  when  the   Sobat  is  high  as   will  be  shown  later 

The  area  of  the  basin  is  about  353,500  square  kilometres  l>ut  the 
watersheds  which  bound  it  are  not  defined  with  any  exactness  ;  below 
its  junction  with  the  Sobat  it  includes  a  very  large  area  of  countrv 
on  either  bank  ;  on  the  east  its  boundary  inclines  slightly  north  of 
cast  from  the  mouth  of  the  Sobat  to  the  hill  masses  of  Beni  Shangul 
and  passing  by  Kirin  runs  fairly  straight  to  Khartoum  between  the 
Blu(!  and  White  Niles;  on  the  west  the  limit  lies  a  short  distance 
beyond  El  Obeid,  and  goes  from  this  point  to  opposite  Taufikia  on 
the  south,  and  to  Khartoum  on  the  north,  but  the  position  of  the 
watershed  is  everywhere  ill-defined.  The  Khor  Adar  which  comes 
in  on  the  right  bank  a  little  downstream  of  Kodok  is  the  only  real 
tributary  received  by  this  reach  of  the  river,  but  in  the  rains  many 
small  kliors  bring  down  for  a  few  hours  a  certain  volume  of  water 
but  not  enough  to  appreciably  affect  the  main  stream. 

The  Kordiifan  hills  do  not  reach  1000  metiX'S  in  altitude  and[)robably 
only  a  few  streams  in  the  neighbourhood  of  Kirin  on  the  west  of  the 
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Boiii  Shanfful  hills  riseal)Ove  this.  The  basin  is  thou  verv  shallow  risinir 
very  gently  toAvanls  its  cast  and  west  limits,  and  being  very  slightly 
inclined  to  the  north  ;  the  White  Nile  lies  nearly  in  the  centre  of  it  and 
by  far  the  larger  portion  of  the  basin  is  less  than  500  metres  above 
sea-level. 

In  the  central  jiortion  a  few  isolated  hills  occur  near  the  river  ;  the 
granite  outliers  of  Jebelein  and  Anishkol  and  the  volcanic  mass  of  .Icbel 
Alimed  Airha  form  well-known  laud  marks,  but  as  a  rule  the  countrv  is 
low  and  monotonous.  All  seems  to  point  to  this  jiart  of  the  couuti-y 
Iicing  a  plain  formed  by  the  accunudation  of  material  derived  from  tlie 
degradation  of  the  Kordofan  hills  and  those  of  the  Gezira  which  must 
have  been  of  much  greater  height  in  former  times.  Reduced  now  to 
rolling  hills  in  an  area  of  scanty  rainfall,  no  active  erosion  is  in  progress 
and  no  streams  flow  to  the  Xile  even  in  the  rainy  season,  but  all  the 
rain  that  falls  is  speedily  absorbed  by  the  ground,  and  in  the  valleys 
such  streams  as  may  occur  soon  disaj)pear  beneath  the  surface.  Thus 
the  river  flows  through  its  alluvial  deposits  in  a  wide  plain  formed 
from  the  material  furnished  b}-  the  wearing  down  of  the  crystalline 
rocks  on  both  east  and  west,  where  they  still  form  isolated  hills  of 
granite  and  other  allied  rocks.  Pruyssenaere '  travelled  along  the  eastern 
yurt  of  the  basin  in  185o  and  recorded  granite  as  forming  the  hill 
masses  of  Jebel  Gule. 

On  the  west  a  more  detailed  examination  has  been  made  by  Dr.  Linck.' 

He  describes  Kordofan  as  a  ])]ain  lying  from  GOO  to  800  metres 
above  sea-level,  and  on  tliis  rise  hills  of  moderate  size  to  a  further 
height  of  about  200  metres.  Granite  and  (juartzite  are  the  jjredominant 
rocks,  though  at  certain  points  gneiss  and  crystalline  schists  arc 
extensively  developed,  and  in  some  hilly  regions,  as  in  Tegelc,  ]ihyllites 
and  gramdar  limestone  occurs.  Now  a  large  ])art  of  the  country  is 
covered  by  a  black  soil  more  or  less  claA'cy,  which  in  the  dry  season  is 
intersected  in  every  direction  by  shrinkage  cracks.  In  the  rains  these 
ra])idlv  close  as  the  soil  takes  up  water,  while  in  the  lower  ])arts  of 
manv  wadies  swamnv  flooded  tracts  are  formcil  which  rarelv  drain  to 
the  Xile  but  dry  by  evaporation  as  soon  as  the  north-east  trade-winds 
recommence. 

In  past  ages  this  region  must  have  been  a  ])art  of  a  mountain  range 
which  has  graduallv  been  worn  down  till  only  the  stump  remains. 
Even  to-day  weathering  is  jjroceeding  rajjidly  in  a  climate  where  wide 
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THE     BASIN    OF  THE    WHITE     NILE 


PLATE     XVI. 
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and  rapid  chanf^es  of  temperature  take  j)lace  for  S  inoiitbs  in  the  year, 
and  many  hills  are  now  re]»rcs('nted  only  by  a  confused  pile  of  gigantic 
•jranite  blocks,  the  remains  of  a  sin^^le  mass  of  rock  which  has  been 
broken  up  by  atmosjiheric  agencies  acting  along  the  lines  of  jointing. 

Climate. —  The  climate  is  well  represented  ))y  Khartoum  and  Dueiin 
in  the  north  and  by  Doleib  Hilla  in  the  south  supplemented  by  El 
Obeid  in  Kordofan  ;  for  eight  months  of  the  year,  October  to  Ma}-, 
the  climatic  conditions  of  the  Saharau  type  with  clear  skies,  high 
tem[)eratures,  and  very  large  diurnal  range  i)revail,  while  being  swept 
by  the  north-east  trade-winds,  the  dryness  is  extreme.  With  the 
approach  of  the  rainy  season  the  whid  becomes  southerly,  the  hiunidity 
increases,  and  the  temperature  falls.  The  amount  of  rain  varies 
considerably,  diminishing  rapidly  from  south  to  north,  while  on  the 
steppes  on  either  side  preci])itation  is  feeble,  until  the  foot-hills  of 
Beni  Shangul  are  reached.  Thus  the  addition  to  the  volume  of  the 
Nile,  even  in  the  rainy  season,  may  be  considered  as  unimportiint.  and 
for  the  remainder  of  the  year  certainly  the  loss  from  its  surface  by 
eva[)orati()n  is  very  great.  This  I'cach  of  the  ri\er  is  one  therefore  in 
which  on  the  whole  the  sii]i])!v  of  Avatcr  is  diminished  rather  than 
increased  as  it  Hows  from  Tautikia  to  Khartoum. 

At  the  same  time  the  ^^'hite  Nile  plavs  an  iinjiortant  part  in  the 
regimen  of  the  river,  foi-  in  the  early  summer  when  the  springs  of  the 
Aln'ssiniaii  tableland  are  nearly  dry.  and  the  summer  rains  have  not 
begun,  both  the  Blue  Nile  and  the  Sobat  are  at  their  lowest,  and  supply 
a  very  moderate  amount  (in  bad  years  hardly  measurable)  to  the  Nile. 
Then  it  is  the  White  Nile  alone,  fed  by  the  Bahr  el  Jebel,  with  some 
assistance  from  the  Bahr  el  Zaraf  and  the  Bahr  el  (ihazal,  which  fin'- 
nishes  water  to  the  fSudaii  and  Egyjit. 
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Thus  the  White  Nile  basin  is  an  area  where  hi^h  temperatures  and 
drA-  Avinds  prevail  for  about  two  thirds  of  the  year,  and  the  precipitation 
during  the  remaining  four  months  is  for  the  most  i)art  very  moderate 
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in  uinount  ;  c•Oll^^eqLU■lltly  the  tumleiicy  is  for  the  uviiilable  water  supply 
to  (liininish  ratlier  than  to  increase. 

Hydrography. — The  regimen  of  the  White  Nile  is  of  especial  inte- 
rest fn^ni  tiie  complicated  conditions  -which  it  represents;  the  flood  of 
the  Sobat  holds  up  the  conil)ined  volumes  of  theBahr  el  Ghazal,  Bahr  el 
Jebel  and  Bahr  el  Zaraf  from  August  to  Xovember,  and  so  floods  the 
low-lying  land,  while  the  Blue  Nile  does  the  .same  on  a  larger  scale  at 
Khartouni  in  August  and  September.  At  the  end  of  April  the  volume 
passing  Taufikia  is  at  its  lowest  since  then  the  Sobat  is  discharging  but 
little  and  the  other  rivers  are  ahnost  constant  in  volume.  At  this  time 
the  fir.st  rains  have  usuallv  fallen  in  southern  Abvssinia,  butno  rise  has 
taken  place  except  in  the  small  mountain  tributaries.  In  ^lay,  however, 
the  Sobat  begins  to  rise  and  by  the  end  of  June  the  volume  discharged 
may  probably  reach  800  or  900  cubic  metres  per  second,  when  some  1:?00 
cubic  metres  will  be  pas.sing  Taufikia.  This  amount  increases  steadily 
as  the  Sobat  rises  and  is  utilised  in  filling  the  vast  shallow^  valley  of  the 
White  Xile  and  the  low-lying  areas  which  border  it,  and  through  which 
the  khors  run.  Further  flooding,  at  all  events  of  the  lower  reaches, 
takes  place  when  the  Blue  Nile  is  in  flood  in  August  and  September.  In 
November  the  supply  from  the  Sobat  usually  decreases,  while  the  water 
which  has  filled  the  valley  is  rapidly  being  discharged  at  Khartoum, 
the  maximum  being  reached  as  a  rule  in  December,  after  which  it 
rpiickly  decreases  as  the  Sobat  falls  at  the  rate  of  about  one  or  two 
centimetres  a  day  since  the  rains  in  Abyssinia  are  at  an  cml. 

From  Lake  No  to  its  junction  with  the  Sobat  the  White  Nile  flows 
across  the  general  slope  of  the  country  in  a  shallow  valley  which  has  a 
very  gentle  inclination  to  the  east;  to  the  south  is  the  basin  of  the 
Bahr  el  Jebel  sloping  northwards  at  about  1  in  13,000,  while  to  the 
north  till  re  is  an  almost  level  [)lain  for  some  kilometres,  after  which  the 
country  rises  graduallv  to  tlu'  hills  of  southern  Kordofan.  The  slope 
of  this  part  of  the  White  Nile  has  recently  Ijeeu  determined  by  level- 
ling and  in  April  1904  was  1  in  3S,.")00  between  the  mouths  of  the  Bahr 
el  Zaraf  and  the  Sobat.  Below  this  jioint  for  some  25  kilometres  it  was 
1  in  3-1,500  and  from  about  Goz  Abu  Goma  to  Khartoum  it  was  about 
1  in  100.000.  Throughout  the  distance  of  902  kilometres  from  lake  No 
to  Khartouni  the  White  Xile  fiows  as  a  wide  stream  of  moderate  depth 
and  low  velocity,  which  stores  up  in  its  valley  a  large  amount  of  water 
to  be  run  off  as  soon  as  the  Blue  Nile  lias  fallen  sufficiently.  When  by 
the  end  of  February  the  Sobat  has  fallen  considerably  its  function  is  a 
most  important  one  as  it  supplies  from  the  Bahr  el  Ghazal  the   Bahr  el 
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Jebclaiid  the  Balir el  Z;iraf  u niiuiiiiuin  sujiply  ot  water  uliieli  is  iiicrciiseil 
more  or  less  by  the  Sohat  and  Hliie  Nile,  but  as  these  vary  accordinjr 
to  the  rains  oE  the  previous  aiitimiii  ir  is  the  constant  su])|)ly  broujiht 
down  from   the  southern  tributaries  which  is  of  prininry   importance. 
Lake  Xo  or  Mokren  el  lioliur,  is  a  very  moderate  sized  shallow  sheet 
of  water,  roughly  four  kilometres  by  eight  and  not  as  a  rule  more  than 
2  or  3  metres  deep.     In  the  rainy  season  when  the  water  level  of  this 
part  is  raised  by  the  rise   of  the  Sobat  in  fltKwl,  it  is  enlarged  by 
the  flooding  of  the  low-lying  land  on  its  shores,  but  this  flooding  is  not 
nearly  so  great  as  has  been  assumed  in  describing  the  whole  swamp  area 
as  flooded  3  metres  deep.     In  Se])tember  190o  the  water  on  the  north 
shore  of  lake  Xo  was  al)out  7o  centimetres  deep  due  to  the  rise  of  the 
Sobat  in  flood,  and  between  that  date  and  the  middle  of  December  when 
the  Sobat  reached  its  maximum  the   river  rose  about  (iU  centimetres 
more  but  its  effect  is  probably  to  flood  the  valley  of  the  I'ahr  el  fthazal 
where  Dye  noted  the  maxinnim  rise  as  22  centimetres  in  December.    At 
low  stage  the  Avater  slope  from  the  Bahr  el  Zaraf  to  the  mouth  of  the 
Sobat  is  1  in  ;}<S,.')UO;  with  a  risi'  of  3  metres  in  the  Sobat  and  1  metre 
at  lake  Xo  the  water-slope  becomes  1    in  1(13,(1(10.      Whether  the  extra 
rise  which  took   ])lace  before  December  further  decreased   the  slupi-  or 
whether  as  at  Dueim  the  ]e\el  at  botli  places  rise  and  fall  equally  when 
once  the  critical  slope  has  bei'U  readied,  the  data  at  present  available  do 
not  decide.    The  slope  of  the  water  surface  from  ( ihaba  Shiimbu  to  Lake 
Xo  is  estimated  to  be  about  1  in  19,000  so,  that  even  if  there  was  flood- 
ing to  a  depth  of  2  metres  at   lake  Xo  it  would  disappear  at  a  verv 
moderate  distance  up-stream  and   would  not  entail  the  flooding  of  the 
whole  swamp  area  to  a  depth  of  3  metres,  as  has  been  maintained. 

It  has  been  said  more  than  one  that  the  chamiel  of  the  Bahr 
el  Jebel  and  of  the  White  Xile  between  lake  No  and  the  Bahr  el  Zaraf 
diminished  greatly  in  width  between  1841  and  ISSO'.  As  there  is  no 
evidence  which  will  allow  us  to  say  that  the  rainfall  in  this  area  and 
in  the  districts  to  the  south  of  it  was  markedly  less  towards  the  end  of 
this  period,  it  follows  that  if  the  statement  be  true,  the  marshes  have 
in  these  later  years  been  receiving  a  larger  proportion  of  the  river  sup[)ly 
than  formerly. 

Selim  Kapitan  on  December  IS,  1S39  measured  the  White  Nile 
just  below  lake  Xo  and  gives'-  the  width  as  100  paces,  the  depth  3|- 
"Koaladjis"'  and  the  velocity  Ih  miles  per  hour. 


I  The  Kile  in  1904,  p.  40. 

5  Bull.  .Sof.  Geog.  Paris  1^42  t.  XVIIf.,  \<.  28, 

3  I''.itlinin?, 


> 

UJ 

_) 
-I 
< 
> 

u 

_l 


tu 
t 
i 
$ 

UJ 

X 
H 

u. 

o 

(S 

z 
o 

H 

o 


I,-. 

r 


t 


■'I 


E 

o 


5i: 


s 


I  i 

E 


{    ° 


tf'i 


31 


1  - 


8 


o 


i   S  > 

% 
O 

I 


II 


-  i(;:i  — 

Wcnic  '  in  March  1S41  (lescribcs  tlic  shores  of  hike  Xo  as  from  a  few 
iiiclit's  to  half  a  foot  hij^h  and  dry.  Lake  No  had  failed  about  a  foot 
since  November;  it  was  a  lake  but  of  moderate  size. 

Poncet^  says  that  the  White  Nile  below  the  mouth  of  the  Bahr  el 
Jebel  in  snniiner  (proljably  about  185iS-.59)  was  70  metres  wide  7  "20 
metres  deep  and  flowing  with  a  mean  velocity  of  0"  40  metre  per  second, 
which  would  give  a  discharge  of  about  200  cubic  metres  per  second  ; 
on  August  15  in  the  height  of  the  rainy  season  he  considered  the 
volume  to  have  increased  by  one-third,  the  velocity  being  double  while 
the  water  had  topped  the  banks  since  the  beginning  of  -ruly,  and  diil 
not  return  to  the  cliannel  till  the  end  of  October  and  in  some  years 
until  December. 

That  reaches  of  the  White  Nile  down-stream  of  lake  No  should  flow 
in  curves  amid  masses  of  green  reeds,  etc.,  while  beyond  these  the  higher 
ground  with  its  dry  Ijrowii  reeds  and  grass  forms  straight  lines  of  bank, 
is  not  evidence  of  a  river  Avhich  has  shrunk  into  a  part  of  its  bed. 
The  river  is  meandering  in  its  present  flood  plain  which,  as  its  load  of 
silt  has  been  dejjosited  in  marshes  and  lagoons  before  it  has  reached 
this  point,  is  no  longer  being  raised  by  deposit  and  is  at  Avater-level  or 
very  little  al.ove  it  so  that  reeds  and  grass  grow  green  and  luxuriant. 
The  yellow  line  of  the  higher  ground  is  an  older  alluvial  deposit  which 
forms  the  margin  of  the  shallow  valley  Avithin  which  the  river  now 
meanders. 

North  of  its  junction  with  the  Sobat  the  White  Nile  is  at  first  from 
300  to  400  metres  wide  flowing  between  shelvinof  banks  on  which  are 
numerous  \illages  and  groves  of  the  dom  and  deleb  palms.  Small 
islands  a  kilometre  or  two  in  length  are  fairly  frequent  between  Taufikia 
and  Kodok  but  they  nowhere  reach  the  size  of  those  further  north. 
Khors  running  more  or  less  parallel  to  the  river  are  not  infreijuent  and 
are  usually  from  lo  to  20  kilometres  long.  The  direction  is  generally 
northerly  with  here  and  there  bends  to  the  uorth-eiist  or  north-west 
until  Khartoum  is  reached,  and  this  direction  is  followed  by  many  of 
the  drainage  lines  in  the  country  to  the  east,  where  they  only  tuiMi 
westwards  as  they  near  the  White  Nile. 

In  the  reach  from  Kodok  to  Jebel  Ahmed  Agha  the  parallel  khors 
or  water  channels  attain  a  considerable  development  on  the  right  bank 
while  the  river  channel  has  iiecome  markedly  wider ;  islands  are  fairly 
numerous  and  near  Jebel  Ahmed  A'j;ha  there  are  several  large  ones. 


t  The  White  Nile,  London  184H.  vol.  II.  p.  US, 
'  he  "Flenvo  Mnnc"  p.  in, 


From  Jfbel  Alunod  Agha  to  Dueim,  a  distance  of  ;^70  kilometres, 
these  islands  and  khors  reach  their  greatest  length  and  form  a  marked 
featureof  this  reach  of  the  river;  Panagi  island  near  Renk  (lat.  11°45'N.) 
is  40  kilometres  long  and  4  l)road,  Bulli  and  ^lusran  islands  are  of  the 
sain(!  length  hut  rather  narrower,,  while  Abba  Island  is  somewhat 
longer.  From  Dueim  (lat.  14°  X.)  to  Khartoum  the  river  is  of  a 
different  character;  about  a  kilometre  or  even  more  in  width  it  is 
practically  free  from  islands,  the  khors  exist  on  the  left  bank  only 
where  they  intersect  a  cultivated  tract  which  is  in  marked  contrast  to 
the  right  bank  where  cultivation  extends  but  a  short  way  inland,  and 
beyond  this  distance  is  dependent  on  the  water  derived  from  wells  and 
from  the  summer  rainfall. 

Thus  the  White  ^^'ile  may  be  conveniently  divided  into  four  reaches 
each  distinguished  by  special  features: 

1)  Lake  No  to  the  Sobat  river  in  which  low  marshy  areas  occupy 
the  banks  which  are  flooded  in  the  late  sunnner  and  autumii  by  the 
rise  of  the  Sobat. 

2)  The  Sobat  river  to  Ahmed  Agha  in  which  islands  are  small, 
khors  parallel  to  the  main  stream  are  of  considerable  length  and 
on  the  left  bank  as  far  as  Kodok  after  which  they  are  on  the  right 
bank. 

3)  Ahmed  Agha  to  Dueim  in  which  the  islands  reach  a  great  size, 
long  khors  lie  on  the  right  of  the  main  strean\,  only  one,  khor  Nagor, 
a  short  distance  north  of  Jebel  Ahmed  Afjlia,  bein";  on  the  left. 

4)  Dueim  to  Khartoum  in  which  there  are  no  islands,  khors  are  on 
the  left  bank  oidy   Avhere  most  of  the  cultivation   lies. 

These  khors  which  run  parallel  to  the  river  and  usually  at  a  short 
distance  from  it  are  typical  of  this  part  of  the  Nile;  usually  100  to 
200  metres  wide  they  are  often  2  metres  and  more  in  depth, and  frequently 
contain  water  of  varying  depth  throughout  the  year  in  the  northern 
])()rtions;  the  southern  portions  near  the  river  are  shallower.  Though 
their  dimensions  are  now  so  small  they  show  every  sign  of  ha\ing  been 
former  branches  of  the  river  and  often  in  all  probability  mark  the 
a])proximate  position  of  what  was  once  the  main  channel  but  which 
now  has  dwindled  to  .small  dimensions  by  silting  up  and  the  growth  of 
vegetation. 

The  White  Nile  has  been  put  forward  by  Schweinfurth  '  as  a  tyj)i(al 
case  of  Baer's  law,  viz :  that  in  consequence  of  the  rotation  of  the 
earth  a  river  in  the  northern  hemisphere  erodes  its  right  bank  more 
than  its  left  from  the  current  setting  more  strongly  against  it.     He 

'  The  He:irt  Of  Africa.     Loiulon,  1S73.  Vol.  I.  \>.  .54. 
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considered  that  the  riyht  l)ank  of  the  W'liite  Nile  was  the  steeper  and 
the  left  the  more  gently  sloping  of  the  two.  This  may  be  the  case  at 
some!  points  though  not  nniversally  thronghout  its  length,  hut  it  is 
very  improbable  that  the  earth's  rotation  is  the  sole  cause  in  this 
instance.  At  Tiuifikia  the;  \eIocity  of  rotation  of  a  particle  on  the 
earth's  surface  as  com})ared  with  that  at  Khartoum  is  proportional 
to  the  sines  of  the  latitudes'  or  as  sin  9°  30' :  sin  15°  56',  or  as 
1  :  1'('3;  hut  the  velocity  of  the  water  at  Taufikia  varies  from  about 
()"3.")()  metre  per  second  in  April  to  about  O'GfiO  metre  per  second  in 
September  and  perha])s  even  a  higher  \alue  in  November  when  the 
Sobat  begins  to  fall,  while  at  Dueim  the  velocity  is  never  higher  than 
(I")')!)  metre  per  second  and  falls  as  low  as  0'1'20  metre  in  flood 
(see  p.  173).  The  NNW.  wind  which  blows  strongly  during  the 
greater  part  of  the  year  is  probably  a  nmch  more  important  factor  in 
producing  any  modification  of  the  right  bank. 

Schweinfurth's  observation  was  made  at  Geteina,  between  Dueim 
and  Khartoum  and  here  as  we  have  seen  above  the  river  is  certainly 
])ressing  on  its  right  bank,  but  further  to  the  south  from  Jebel  Ahmed 
Agha  to  Dueim  where  the  large  islands  lie  to  the  right  of  the  main 
stream  and  khors  indicating  probably  former  positions  of  the  river  bed 
lie  on  the  same  side,  it  seems  more  than  probable  that  here  the  v'wvv 
is  inclined  to  erode  its  left  bank.  In  November  and  December 
when  northerly  and  north-westerly  winds  are  blowing  the  largest 
discharge  is  passing  Dueim,  and  the  combined  effect  of  these  two 
factors  is  to  erode  the  right  bank.  What  the  cause  may  be  Avhich 
inclines  the  upper  portion  to  erode  the  left  bank  is  unknown  but  the 
fact  seems  indisputable.  In  any  case  these  khors  are  but  channels  of 
the  White  Nile  and  its  branches  which  are  being  gradually  effaced, 
anil  do  not  in  any  way  represent  the  limits  of  the  bed  of  a  stream 
uhich  once  carried  the  Blue  Nile  water  southwards  into  the  region 
now  occupied  by  the  Bahr  el  Jebel,  and  within  which  bed  the  present 
White  Nile  channel  is  now  situated.  ^  This  assumption  that  the  Blue 
Nile  ever  flowed  southwards  is  unsu])porte(l  bv  any  evidence  such  as 
the  existence  of  thick  alluvial  deposits  near  Taufikia,  where  it  is  said 
to  have  emptied  itself  into  a  lake,  or  an\'  proof  of  such  a  complete 
reversal  of  the  drainage  of  some  700  kilometres  of  countrv  without 
interfering  with  the  course  of  the  Blui'  Nile  above  Khartoum,  while 
the  absence  of  all  signs  of  a  vast   lake  directly  contradicts  the  hypo- 

'  The  accelerating  force  of  the  earth's  rolafion  is  given  by  2V(i)sin3  wh^ro  V  is  tlie  velocity  of 
the  water,  tu  the  angular  velocity  of  the  earth  anil  5  the  latitude  of  the  place, 
2  The  Nile  in  1904,  p.  41. 


thesis.  It  is  the  assumption  that  the  marshy  |)laiiis  of  tlic  J>ahr  el 
Jebel  and  Bain-  el  (ihazal  represent  a  former  lake  basin  that  necessitated 
this  hypothetical  diversion  of  the  Hlue  Nile. 

A  series  of  discliarges  measured  in  the  southern  portion  of  the  White 
Nile  in  recent  years  are  (riven  in  the  following  table  Avhich  shows  tljat 
the  volume  passing  down  varies  between  3")0  and  450  cubic  metres 
per  second  except  for  the  supply  furnished  by  the  Sobat  in  flood.  It  has 
been  suggested  that  the  discharging  capacity  of  the  White  Nik'  below 
the  Sobat  is  the  controlling  factor  of  the  flooding  above  this  point  but 
this  view  is  untenable.  The  gauges  at  Doleib  Hilla  on  the  Sobat  and 
at  Taufikia  on  the  White  Nile  below  the  junction  rise  in  accordance 
and  it  is  not  until  the  Sobat  has  begun  to  fall  that  the  'I'aufikia  gauge 
decreases  more  slowly  than  the  other  since  the  water  held  up  by  the 
Sobat  flood  can  now  flow  away.  The  White  Nile  valley  is  wide  and 
open  with  shelving  banks  and  there  is  nothing  of  the  natiu'e  of  a 
constriction  which  could  hold  back  the  water. 
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•  Mueli  of  the  section  wns  very  shiiilnw. 


The  White  Nile  is  intimately  coimecred  with  the  ])lienomenon  known 
as  the  green  water. 

The  season  of  lowest  Nile  is  marked  by  the  unusual  grcH'uness  of 
the  water,  which  has  a  marshy  and  putrid  taste  and  smell,  which 
boiling  or  distilling  onl}'  increases.  The  green  colour  is  due  to  large 
quantities  of  microscopic  algie  -  which  are  floating  in  the  water,  and  it 
is  the  oil  contained  in  some  of  these  which  gives  the  unpleasant  taste 
and  smell.  Since  d'Arnaud,  after  his  visit  to  the  Bahr  el  Jebel  in 
1841,  attributed  this  alga3-laden  water  to  the  rising  flood  of  that  river 


1  Report  on  the  Upper  Nile  App.  IV  and  Plate  VIII  o,  p.  i). 
»  Kanfmnnn.  -nevne  ile  I'Egypte,"  p.  lOj.    Cairo,  1SU7, 
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Gauge     Readings,     WHITE     NILE 


1 


wliicli  loicwl  (Hit  ui"  the  layddiis  and  marshes  the  sta^'iiaiit  water  which 
had  been  lying  tliere,  later  Avriters  have  accepted  his  explanation  of 
this  "green  water."  It  is  not,  however,  a  satisfactory  one.  The  earliesst 
rise  of  any  magnitude  in  the  Bahr  el  Jebel  at  (loiidokoro,  lat.  4°  55'  N., 
does  not  take  place  until  June,  while  the  green  Avater  is  usually  seen 
about  Dueim,  lat.  14°  N.,  in  the  middle  of  May.  Observations  in  par- 
ticular years  give  the  same  result,  and  in  1902  the  green  water  was 
filling  the  White  Nile  at  Dueim  ami  northwards  nearly  as  far  as 
Kiiartoum  on  May  11,  on  which  date  the  liahr  el  .lebel  at  (iondokoro 
rose  markedly  for  the  first  time  that  year. 

The  green  water  at  Dueim  in  ^lay  cannot,  theref(;re,  Ije  that  which 
has  been  forced  out  of  the  marshes  of  the  Bahr  el  Jebel  bv  the  risinir 
Hood.  I  have  suggested  '  that  it  ma\'  be  brought  down  the  Sobat  from 
the  Pibor  marshes,  as  the  first  rise  of  the  Baro  takes  place  in  the 
l)eginning  of  May:  l)at  in  lIMIo  the  first  rise  of  the  river  at  Doleib 
Hilla  (  12  kilometres  from  the  junction  of  the  Sobat  with  the  White 
Nile)  was  marked  by  muddy  and  not  l)y  green  water,  and  in  1S)02  no 
green  colour  was  noticed.  It  seems  therefore  that  while  these  minute 
algu'  are  brought  down  throughout  the  year  by  the  water  from  the 
marshes  of  the  ]^)ahr  el  Jebel  and  the  Bahr  el  Ghazal,  thev  do  not 
nndtiply  rapidly  in  the  White  Nile  until  conditions  of  hot  sun  and  low 
velocity  of  current  appear,  such  as  occur  in  ^la}-.  Dr.  Schwei)ifurth 
lias  suggested  that  this  growth  of  algie  may  take  place  in  the  pools 
and  l)ackwaters  of  the  different  cataracts  ;  as  the  conditions  there 
must  be  entirely  favoural)le,  it  is  probable  that  is  does  do  so,  but  onlv 
to  a  small  extent,  since  the  area  would  be  l)Ut  small ;  in  any  case,  it 
has  not  been  actually  observed  there.  Mr.  T.  Barron  noticed  in 
August,  1903,  this  same  green  coloration  of  the  water  at  Dueim,  when 
the  White  Nik^  water  was  being  held  up  by  the  Blue  Nile  flood,  and 
the  current  in  the  White  Nile  was  hardly  appreciable.  This  confirms 
the  view  that  these  algoe  grow  in  the  White  Nile  reach  when  condi- 
tions are  favourable,  and  are  not  brought  down  from  the  marshes  of 
the  Pibor,  sinci'  the  Sobat  is  in  August  discharging  800  to  900  cubic 
metres  per  second  of  reddish  muddy  water.  On  reaching  Egypt  in 
June,  this  green  water  occupies  a  considerable  length  of  the  river — 500 
kilometres,  according  to  Kaufmaini,  who  made  observations  on  this 
))oiiit  in  l(S9(i.  As  in  May  the  White  Nile  is  furnishing  practically 
the  whole  supply  of  the  Nile,  this  green  water  fills  the  river,  and 
beeonns  greener  as  the  algie  multiply.     After  June  the  rising  flood  of 
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the  Blue  Nik'  is  on  its  way  down  the  riviT,  and,  Mowing'  with  greater 
velocity  than  the  green  water,  overtakes  it.  carrying  it  down  before  it, 
and  thus  produces  the  ])henomenon  of  the  sudden  change  from  th.e 
green  water  to  the  muddy  redd)rown  flood. 

The  vohuiio  (hseharged  by  the  White  Nile  was  measured  in  \'.)()'2  and 
19U3'   with  the  following  results: — 
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E  ^  east  channel;    I  =  i.slan(i,  snbmergeil  in  Hood;    W=  west  channel. 

In  these  discharges  the  holding  up  of  the  White  Nile  water  by  that 
of  the  Blue  Nile,  when  the  latter  is  in  flood,  is  very  markedly  shown, 
and  the  slackening  of  the  current  at  this  time  of  the  year  is  a  fact  well 
known  to  the  boatmen  of  the  White  Nile.     It  is  this  which  leads  to 
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the  extensive  flcorliiif^  -wliicli  takes  place  ahove  Kliartoinii,  filling  tlie 
khors  and  low-lyin*;-  land  along  the  river  with  water,  which  drains  off 
when  the  Blue  Nile  Hdod  has  fallen  sufficiently:  this  is  usually  in 
October.  To  further  prove  this,  a  series  of  nicnsurenients  were  made 
in  the  White  Nile  close  to  Khartoum,  just  above  the  junction  with 
the  Blui'  Nile,  in. order  to  see  if  there  was  a  ^■ery  feeble  velocity  there. 
Seven  sets  were  taken  during  August  and  Septemljer,  1903,  and  the 
results  are  of  considerable  interest.  ^ 

On  August  7,  1903,  the  measurements  were  made  1  kilometre  above 
the  ferry  between  C)mdurman  and  Khartoum;  one  point  was  in  the 
eastern  half  of  the  cliannel,  the  other  in  the  western  half. 


EAST  CHANNEI, 

WEST   CHANXEI, 

Depth 
frciiri  sm-fiice. 

Velocity. 

Deptli 
from  surface. 

Velucity. 
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0 

1 

2 

:i 
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0 
0 

(1 
(1 

0 

metres. 

0 

1 

•> 

'5 

4 

inotres  per  second. 

0 
0 
0 
0 
1) 

On  August,  23,  1903.  measurements  wci-e  made  at  three  points — the 
first.  A,  was  in  the  centre  of  the  White  Nile  ( hannel  close  to  the 
incoming  water  of  the  Blue  Nile;  the  second  was  in  the  main  channel 
1  kilometre  up  stream  ;  the  third  point  was  opposite  the  village  of 
Ramela,  5  kilometres  from  the  junction  of  the  two  Niles.  At  a  short 
distance  down-stream  of  A,  the  turbid  waters  of  the  l>lue  Nile  could 
be  seen  carrying  down  with  them  masses  of  the  clear  AA'hite  Nile  water. 
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After  these  prcliiniiiarv  experiments,  tlie  meiisuremeiits  were  iiuule 
oil  Auji'ust  :^8,  Sci)teml)er  4,  Sej)teinl)er  11,  SeptemUer  18,  and  Sej)- 
tomber  24,  off  Kaniela,  at  different  distances  from  the.  right  bank. 

Aiiipi.^f  28.— 
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foreiiiir  down   the   White  Nile  water  is 
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September  25. — 


The  lueau  velocit}-  in  the  White  Nile  at  Dueim  and  in  the  Bhie  Nik 
above  Khartoum  about  the  same  dates  were: — 


Date. 

White  Nile  :it 
Diieiin. 

Date. 

Blue  Nile  alicive 
Khartoimi. 

metres  per  secimi].* 

metres  per  sewml. 

August    4 

0'240 

Auji'ust     5 

2-103 

!,       23 

0-114 

„       -'I 

2-7% 

„       28 

0-127 

„       28 

2-5t)t)  Maxiinuni  (H.^cliargo 

Scjitcinbor 

2 

0-125 

Scptcnil)!'!- 

4 

2-004              of  nine  Nile. 

12 

0-115 

„ 

11 

1".1()0 

18 

0-138 

18 

1-814 

?» 

24 

o-i;u; 

11 

25 

1-87'.) 

*  The  mean  of  the  mean  velo -itie.:  in  the  two  eh.innels  and  over  tlie  llooileil  islaml. 
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From  these  results  the  effect  of  tlie  Blue  Nile  flood  is  plainly  seen; 
the  complete  absence  of  current  on  August  4  wa.s,  doubtless,  the  result 
of  the  sudden  arrival  of  the  main  flood  of  the  Blue  Nile  about  August 
2  and  .3,  Avhen  the  discharge  rose  from  2870  cubic  metres  per  secoml  on 
July  31  to  75.S4  cubic  metres  per  second  on  August  5. 

Throughout  July  and  August,  1903,  at  Dueim  on  each  occasion  that 
a  discharge  was  taken,  the  velocity  v.'as  also  measured  at  each  successive 
nu'tre  from  the  surface  at  the  deepest  jiart  of  the  section. 

The  water  was  found  to  be  moving  at  all  parts  of  the  section  until 
September  2,  when  there  was  a  distinct  reduction  of  the  velocity  near 
the  bottom  at  several  of  the  points  at  which  the  velocity-  was  measured ; 
this  layer  varied  apparently  from  1  to  2  metres  in  thickness.  The  same 
occurred  on  Septeml)er  7,  but  to  a  less  extent.  On  September  12  there 
was  a  layer  of  water  a  metre  deep  at  the  bottom  wriich  was  not  appreciably 
moving.  This  was  found  to  be  the  case  at  Ave  points — at  130,  175  and 
265  metres  from  the  east  bank,  and  at  1 48  and  193  metres  from  the  west 
bank.     After  this  date  the  water  was  moving  throughout  the  section. 

It  is  now  easy  to  see  how  Liuant  obtained  his  discharge  of  604  I 
cubic  metres  per  second  for  the  White  Nile  in  flood.  He  took  his 
measurements  on  July  26,  1827,  and  therefore  before  the  Blue  Nile 
had  reached  its  maximum;  the  surface  velocity  he  obtained  of  1.54 
metre  per  second  must  have  been  taken  very  near  the  junction  with  the 
Blue  Nile  to  have  so  high  a  value,  since  at  Dueim  0'567  metre  per 
second  is  the  liighest  mean  velocity  recorded  in  1902  and  1903  and 
since  the  volume  discharged  above  the  Sobat  is  nearly  constant,  there 
cannot  be  any  marked  increase  of  this  mean  velocity  in  any  year;  the 
velocity  tlms  obtained  api)lied  to  the  whole  or  a  greater  part  of  the 
White  Nile  section  will  account  for  the  high  discharge  obtained. 

The  earlier  observations  agree  fairly  well  with  those  obtained  in  1902 
and  1903  at  Khartoum  and  Dueim  for  the  Blue  Nile  and  for  the  White 
Nile  at  low  stage,  but  the  flcjod  discharges  of  the  White  Nile  show  a 
verv  large  discrepancy: — 
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Thus  it  is  evident  that  the  surface  velocities  taken  by  former  observers 
give  a  whollv  false  result,  since  the  greater  part  of  the  White  Nile  is 
bein<>-  held  nu  bv  the  flood  of  the  Blue  Nile  and  only  a  surface  stratum 
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of  the  water  near  tlie  jiiiictioii  was  passing  down  with  a  velocity  nearly 
the  same  as  that  of  the  Blue  Nile  water.  It  is  very  doubtful  if  at  any 
time  water  flows  from  the  Blue  Kile  np  the  White  Nile  channel,  but 
throughout  as  has  been  stated  to  be  the  case  July  and  August,'  but 
this  point  is  discussed  in  detail  by  Mr.  J.  I.  Craig  in  Chapter  \'II. 
Sc-eing,  too,  that  the  Sobat  flood-supply  nuist  be  estimated  at  less 
than  1500  cubic  metres  per  second,  and  that  of  the  Bahr  el  Zaraf,  Bahr 
el  Jebel  and  Bahr  el  Ghazal  combined  at  less  than  500  cubic  metres  per 
second,-  the  maxinuun  discharge  cannot  reach  200O  cuijic  metres  per 
second  under  the  present  conditions,  when  the  amount  of  flooding  in 
the  Taufikia-Kliartouin  reach,  ami  the  amount  of  water  wdiicli  the 
marshes  lining  its  banks  must  absorb,  is  taken  into  account;  ah o  the 
discharjiesfor  1902  and  1003  show  that  the  maximum  dischar<ce  of  the 
White  Nile  takes  i)lace  in  Deceml)C'r  when  the  floods  are  subsiiling, 
after  the  Blue  Nile  has  fallen. 

The  manner  in  which  thf  water  of  the  Avhite  Nile  is  pondeil  back  1)V 
the  Blue  Nile  flood  can  be  more  satisfacti  rity  discussed  after  the  I>li;e 
Xili'  basin  and  its  regimen  have  i)een  described. 

Summary. — Wlien  we  come  to  appraise  the  effect  of  thi'  White 
Nile  it  amounts  t(j  the  storing  up  of  srme  1500  million  cubic  metres 
of  water  in  its  valley  from  tiie  Sobat  floo(l.  which  is  supplied  X"  the 
Nile  in  October,  November  and  December,  thus  modifying  the  fall  of 
the  water  level  in  those  months  ;  for  the  next  six  months  it  furnishes 
the  constant  volume  brought  down  by  the  Bahr  el  Jebel  together  with 
a  graduallv  diminishing  amount  from  the  Sobat. 

The  Blue  Nile  drawing  its  low  stage  su])])ly  from  the  Abvssinian 
springs  like  the  Sobat  is  also  a  variable  factor  so  that  the  White  Nile 
furnishes  the  irreducible  minimum  of  the  low  .stiige  to  which  are  added 
varying  amounts  by  the  Sobat  and  l)lue  Nile.  This  a<lditional  supply 
<lepends  upon  the  intensity  of  the  summer  and  of  the  autuum  rainfall 
on  the  table  land  ;  if  one  or  otlier  is  good  the  low  stage  should  be  favour- 
able, if  both  arc  bad  as  in  1899,  1902  1904  and  1905  considerable 
shortage  of  water  in  Egypt  is  the  result  in  April-June  of  the  following- 
year.  If  both  an'  iiciivy  as  in  1878  exceptionally  high  low  stage  level 
is  maintained  in  the  following  spring  (cf.  Ch.  X). 

'  Willi ks.  •■The   Kil.'  in  I'.iOl,"  p.    .",7.     Cairo.    ItlO.y     Sw  ;ilsu  Lyons.   'Tlif  liiiin.s  of  tlic   Nile 

Hiisin  in  l'»04."     Cairo,  lilO."). 
'  Ciiustin,  ".V  Ueport  upon  tin'   H;isin  of  tin-  t'p|"'r  Nili-'  p.  Id).   Cairo.  1U04. 
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CHAPTER  V]. 
Tine  Blue  Nile,  the  Atuaua  and  the  Kuur  el  Gash. 
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The  Blue  Nile. — Havinj^-  now  traced  the  White  Nile  from  its  most 
southern  .sources  to  Khartoum  and  studied  its  main  tributaries  as  far 
as  our  present  knowledj^e  will  admit,  the  same  may  be  done  for  the 
group  of  rivers  which  How  westwards  from  the  Abyssinian  tableland, 
excepting  the  Sobat  which  has  alrcad\'  been  described.  Tiie  most 
important  of  these  are  the  Didessa  and  the  Abai  which  witli  their  tri- 
butni'ies  form  the  Blue  Nile,  the  Atbara,  known  as  the  Settit  and 
Takkazze  in  its  higher  reaches,  and  the  Gash  or  Mareb;  each  of  the.^e 
in  their  turn  receive  tributary  streams  of  considerable  .size  which  will 
be  alluded  to  later,  but  one  and  all  are  fed  by  the  short  heavy  Abjssi- 
nian  rainfall  of  May  to  Septcml)er,  and  rising  on  the  high  tableland, 
jHjur  down  their dee])ly  eroded  valleys  of  high  slope  Avith  great  velocity 
carrying  their  load  of  silt  which  is  in  part  deposited  on  the  fertile  plains 
of  the  Nile  in  Egypt. 

The  first  stage  will  therefore  be  to  describe  tlie  main  geographical 
features  of  the  Abyssinian  tableland,  its  geology  and  its  climate,  since 
these  affect  similarly  the  different  rivers,  determining  their  drainage 
lines,  their  slopes,  and  the  volume  of  water  which  flows  to  them. 

Rising  from  the  Sudan  plains  to  an  average  altitude  of  about  2000 
metres  is  the  Abyssinian  tableland,  which  extends  from  the  shores  of 
lake  Rudolf  on  the  .south,  to  the  north  of  Eritrea  where  it  joins  the 
ridge  of  hills  which  runs  parallel  to  the  western  coast  of  the  Red  Sea; 
on  the  west  it  falls  steejjly  to  the  western  slopes  of  the  Beni  Shangul 
hills,  and  to  the  Sudan  plains  north  of  the  Blue  Nile,  while  its  eastern 
escarpnient,  following  closely  the  40th  meridian  as  a  steep  wall  of  rock 
and  rising  at  many  points  to  2500  metres  above  the  sea  and  sometimes 
even  more,  looks  eastward  over  tlie  lowdying  plain  some  300  kilometres 
wide  which  extends  to  the  Red  Sea.  Mountain  ranges  and  isolated 
peaks  rise  to  greater  heights  on  this  tableland,  especially  the  Simien 
Mountains  (4(520  metres)  south  of  the  Takkazze  river  and  north  of 
lake  Tsana,  the  Chok  i>lateau  (4150  metres)  between  this  lake  and 
the  Abai  river,  and  the  mountiiins  (3000  metres)  in  which  the  Dide.ssa, 
the  Baro  and  the  liirbir  rise,  the  first-named  flowing  northwards  to 
the  Abai,   while  the  other  two  How   westwards   to  the   Sobat.     It  is 


this  high  mountain  region  lying  in  dw  jmUi  nl'  liu;  East  Afric.m 
nionsun  current  which  causes  the  moisture-laden  air  to  rise,  and 
consequently  produces  that  heavy  precipitation  wliirh  fccvls  the  Sobat, 
the  Blue  Nile  and  the  Atbara  and  thereby  pnivides  the  whole  supply 
of  the  Nile,  except  some  450  cul)ic  metres  per  second  which  is  the 
joint  contribution  of  the  Bahr  el  Ghazal,  the  Pialn-  el  Jel)e!  and  the 
Bahr  el  Zaraf  (see  p.  166).  This  tablelaiid  slopes  gently  westwards 
so  that  most  of  the  rivers  How  in  this  direction  towards  the  Sudan 
])lains  through  the  deep  gorges  which  they  have  eroded  and  follow 
the  most  devious  courses  before  finally  reaching  the  lower  level. 
The  'J'akkazze  rising  near  the  eastern  escarpment  tlcjws  at  first  west 
then  north  and  then  west  again;  the  Abai  Hows  nortlnvanls  into  lake 
Tsana,  but  almost  at  once  leaves  it  in  a  south-easterly  direction,  then 
bending  round  to  the  west,  finally  leaves  the  hills  in  an  almost 
northerly  course  to  Famaka  in  the  Sudan  [dains.  Too  little  is  yet 
known  of  tliesi'  river  valleys  t(4  say  what  has  determined  these  abrupt 
changes  of  direction;  in  some  cases  more  rapid  develoi)ment  of  a 
tributary  stream  may  have  led  to  its  l)ecoiniiig  the  }  rincipal  one  and 
so  diverting  to  itself  drainage  which  formerly  went  to  others,  wh:cli 
may  account  for  the  present  line  of  the  Takkazze;  in  other  cases  earth 
movements  may  have  produced  lines  of  weakness  along  which  erosion 
could  proceed  more  rapidiv  and  thus  initiated  a  valley  luie  such  as  has 
occurred  at  one  place  at  least  on  the  Abai  (see  p.  220),  while  the  N\V.- 
SE.  and  NE.-SW.  directions  of  its  reaches  in  the  west  of  Abyssinia 
seem  to  agree  closely  with  the  principal  lines  of  movement  as  given  I)y 
Koettlitz. 

Thick  sheets  of  l)asalt  form  the  surface  of  the  tai)Ieland  over  large 
areas  and  the  vertical  joints  which  divide  it  in  all  directions  greatly 
facilitate  the  formation  of  the  deep  steep-sided  ravines  which  are  so 
marked  a  feature  of  the  Abyssinian  drainage  systems.  The  rock 
itself  weathers  fairly  readily  to  a  rich  soil  which  is  carried  down 
in  vast  (piantities  by  the  Hooded  rivers  in  tlu!  rainy  season  to  be 
deposited  in  the  lower  reaches  of  the  Nile.  Aided  by  these  condi- 
tions the  larger  rivers  have  excavated  valleys  10  to  12  kilometres 
wide  at  the  })lateau  level,  and  narrowing  rapidly  till  at  the  bottoni 
the  river,  <S0  to  100  metres  wide,  Hows  with  little  more  than  a  belt 
of  forest  on  either  side.  The  river  is  often  as  much  as  300  to  500 
metres  below  the  plateau  so  that  within  a  comparatively  short  distance 
lie  the  bare  frost-bound  peaks  of  the  highest  mountain  rising  to 
4000  metres  above  the  sea,  the  cool  temperate  climate  of  the  plateau 
(It  1800-2000  metres   and    the  o})pressive  tropical  forest  of  the  deep 
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Viillovs  wliicli  aiv  iuoidt'd  by  llu;  Aljysssiiiiiins  on  account  of  their 
nil  heal  thy  character. 

The  area  of  tlie  Bhie  Nik;  basin  is  approximately  831, oOO  square 
kilometres  lying  between  the  liasins  o£  the  White  Nile  on  the  west, 
the  Soliat  and  Omo  on  the  south,  tiie  Hawash  on  the  east  and  the 
Atljara  and  its  upper  portion  the  Takkazze  on  the  north  and  east. 
Startinji'  from  Khartoum  the  limit  of  the  basin  follows  the  ridtfe  between 
tlic  lUuc  and  White  Niles  as  far  as  the  Beni  Shangul  district ;  from  here 
it  turns  southwards  to  Kirin  and  thence  passing  by  the  source  of  the 
Yabus  turns  soutli-east  following  an  irregular  cours(;  between  the  trib- 
utaries of  the  Baro  and  those  of  the  Didessa  river.  It  now  turns 
north  to  latitude  9°  N.  and  this  ajiproximately  marks  the  watershed 
between  the  Nile  and  the  Hawash  as  far  as  Addis  Abbaba,  beyond 
which  the  eastern  escarpment  of  the  Abyssinian  tableland  turns  sharply 
to  the  north.  From  a  ])oiiit  just  north  of  Magdala  on  the  crest  of  the 
escarpiMcnt,  tlie  watershed  between  tlie  Blue  Nile  and  the  Takkazze 
starts  westwards  and  skirting  the  noi-th  shore  (jf  lake  Tsana  runs 
between  the  river  Dinder.  and  the  Sliinfa  a  tributary  of  theAtbara  and 
thence  to  Khartoum.  Of  the  whole  of  this  area  it  may  be  said  that  up 
to  long.  80°  E.  it  is  effective  as  a  catchment  basin,  but  west  of  this 
what  rain  falls  adds  but  little  to  the  supply  of  the  river  though  it  is  of 
great  importance  to  the  agriculture  of  the  district. 

The  geological  structure  of  Abyssinia  is  known  in  its  broader  outlines 
though  nnich  has  yet  to  be  done  to  provide  a  complete  description  of 
tliis  lU'ea.  Its  inlluence  on  the  rivers  which  drain  it  can  however  l)e 
traced  partialh-  from  our  present  knowledge.  The  tal)leland  consists 
mainly  of  a  mass  of  granite,  gneiss,  and  schists  on  which  have  been  laid 
down  beds  of  sandstone  above  which  in  the  eastern  jjortion  the  limestone 
beds  of  AnUilo  occm-.  Subsequently  to  the  formation  of  these  an  out- 
])ouringof  volcanic  rocks  took  place  on  a  vast  scale,  which  are  divisible 
into  two  series,  the  lower  or  doleritic  basalt  and  the  upper  or  trachytic. 
Erosion  has  removed  vast  masses  of  these  rocks  and  hill  masses  formed 
of  them  rise  al)ove  the  general  level  of  the  tal)leland  as  witnesses  of 
their  former  extension,  but  even  today  the  area  thev  cover  is  a  large 
one.  In  the  northern  portion,  Eritrea,  thev  are  extensively  developed 
in  the  neighbourhood  of  Halai,  (Jhenafena,  and  near  the  source  of 
the  31areb;  east  of  the  Takkazze  fnjm  lat.  18'  N.  southwards  they  form 
the  surface  of  the  plateau  and  are  expo.sed  in  the  ri\er  cliaimel  to  a 
considerable  depth.  The  country  roiuid  lake  Tsana  and  to  the  east  of 
it,  as  well  as  much  of  the  province  of  Gojam  south  of  the  lake,  is 
mainly  covered  by  the  same  basalts  and  lavas,  while  south  of  thelilue 
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Nile  similar  rocks  occur  from  the  vallev  of  the  Hawash  river  on  tlie 
east  to  tliat  of  the  Didessaoii  the  west.  From  here  westwards  granite 
and  gneiss  with  diorite,  diabase,  and  hornljlende  schist,  occur,  showing 
that  we  have  reached  the  platform  of  the  old  crystalline  series  which 
appears  in  most  of  the  large  valleys  such  as  the  Abai,  the  Takkazze  and 
the  Mareb,  in  their  middle  and  lower  courses  where  thev  have  cut 
down  through  the  overlying  volcanic  series  to  the  lower  rocks,  and  it 
also  seems  that  the  western  foot-hills  of  the  tableland  between  the  Blue 
Nile  at  Famaka  and  the  Atl)ara  at  (iallabat  (Metennna)  are  mostly 
comprised  of  these  older  crystalline  rocks.  The  higli  tableland  of  south 
western  Abyssinia  drained  by  the  Didessa  and  the  Sobat  is  also  formed 
of  the  volcanic  rocks  overlving  the  gneiss  and  granites  which  form  the 
base  of  the  plateau.  ' 

From  his  study  of  the  geologv  of  the  Abyssinian  plateau  between 
Addis  Abbaba  and  the  Nile  at  Koseires  Dr.  Koettliz '  is  of  opinion  that 
there  have  been  two  great  jjcriods  of  volcanic  activity ;  the  earlier  when 
the  basalt  masses  as  well  as  lavas,  tuffs  and  agglomerates  were  poured 
out  through  fissures  and  a  later  one  when  trachytes,  rhyolites  andande- 
sites  were  discharged  from  volcanic  vents,  with  their  accompaniment 
of  tuff.  Pri)l)al)ly  in  connection  with  these  outbursts  are  the  earth 
movements  which  liavc  raised  the  rocks  which  form  the  Soddo  moun- 
tains between  the  Guder  and  Didessa,  south  of  tlie  Abai  ;  they  have 
been  tilted  westwards  and  show  steep  escarpments  facing  east  and 
fouth-east  along  the  line  of  fault,  having  a  general  north  and  south 
direction.  The  Didessa  is  believed  by  him  to  follow  another  fault 
line  and  on  the  west  of  it  the  hills  again  rise  in  steep  escarpments 
towards  the  east  while  their  reverse  slopes  incline  towards  the 
Yabus  as  an  undulating  country.  Here  the  basalt  is  of  no  great 
thickness  anil  lies  upt)n  the  schistose,  granitoid  and  gneissic  rocks 
■which  form  the  mass  of  the  hills,  ami  arc  much  intersected  by 
nmnerous  quartz  dykes. 

The  heavy  rainfall  of  June  to  September  falling  on  this  elevated 
tableland  of  volcanic  rocks,  which  are  nuich  intersected  by  vertical 
jointing,  rapidly  erodes  stream  courses  in  these  strata,  which  deepen 
themselves  until  in  many  cases  they  reach  tlu-  underlying  crystalline 
rocks.  The  Bashilo  near  Mag<lala  flows  in  a  ravine  about  lUOO  metres 
deep  of  which  the  steepness  of  the  si(les  is  broken  by  one  or  two  ter- 


'  Neumann  Geog.  .lour.  Oct.  1!K)2.  p.  390. 
«  Geog.  Jour.  March  lUOO,  p.  264. 
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races;  the  ravine  of  the  .littu  river  is  1U.")()  iiietres  tleep  with  similar 
terraces,  and  the  Taklcazze  flows  in  one  about  600  metres  deep  at  a 
point  some  16  kilometres  from  its  source. ' 

Similar  terraces  are  reported  to  occur  in  the  valley  of  the  Ahai  but 
the  description  of  them  is  not  sulficientlv  clear  to  show  whether  thev 
are  due  to  different  degrees  of  resistance  in  the  be<ls  which  form  the 
sides,  or  whether  they  represent  periods  when  the  Abyssinian  tiibleland 
was  stationary  and  rivers  were  able  to  widen  their  valleys,  until  a 
renewed  rise  enabled  them  to  cut  their  channels  ra])idly  <leeper.  The 
point  is  of  considerable  interest  and  worthy  of  investigation.  The 
volcanic  rocks  weather  comparatively  easily  and  provide  a  reddish  brown 
soil  wliicli  is  carried  away  in  large  quantities  by  the  streams  in  the  wet 
season  and  is  borne  I)y  the  Avaters  of  the  lilue  Nile  and  Atbarato  Egypt 
where  it  is  partly  deposited  on  the  flood  ])Iains  of  the  river  and  partly 
carried  down  to  the  sea. 

Climate. — Situated  between  the  6th  and  16th  parallels  of  north 
latitude  the  Abyssinian  area  has  a  typically  tropical  climate  except 
for  the  strip  of  low-lying  country  on  the  east,  between  the  plateau 
and  the  Red  Sea,  where  there  are  reffular  winter  rains.  It  belonjis 
climatologically,  as  Woeikotf  has  said,  ro  the  region  of  the  African 
monsun;  over  the  greater  part  of  the  pl.iteau  October  to  April  is 
an  almost  rainless  period  during  which  the  prevalent  winds  are  from 
the  north  and  east;  north  and  north-east  winds  prevail  in  the  northern 
and  western  ])ortion  with  north-east  and  east  winds  in  tlie  eastern  and 
southern  areas. 

This  dry  season  is  followed  by  the  rainy  season,  which  is  heralded 
by  the  short  period  of  the  lesser  rains  lasting  about  3  weeks,  ami 
occurring  in  the  latter  part  of  March  in  Kaffa,  and  in  March  and  April 
in  Shoa,  and  Eritrea.  At  these  places  a  distinct  decrease  in  the  rainfall 
occurs  in  ilay,  while  in  .Fune  the  rainy  reason  proper  conmiences  an<l 
reaches  its  maximum  in  July  and  August ;  in  the  middle  of  Se])tember 
the  rain  decreases  abruptly  and  by  the  end  of  September  it  is 
])ractically  over. 

In  the  plains  of  the  Sudan  this  aimual  alternation  of  dry  and  wet 
seasons  occurs  regularly  over  wide  areas  with  little  difference  except 
that  the  amount  of  rainfall  decreases  steadily  as  the  rain  belt  moves 
north. 


t  MftrUham.  Jour,  R,  G«og.  Soc.  1SG3,  p.  4144, 
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'J'liis  regularity  however  is  not  iniiiiitaiiied  in  Abyssinia  on  account 
o£  the  orographical  features  of  tliis  region.  In  place  of  the  flat  plains 
of  the  Sudan  with  only  a  few  isolated  granite  or  sandstone  hills, 
Abyssinia  is  a  high  plateau  aliout  1000  kilometres  long  and  from  about 
250  to  500  kilometres  broad;  it  has  an  average  altitude  of  about  2500 
metres  on  the  east,  where  it  falls  abruptly  to  the  low  lands  which  separ- 
ate it  from  the  Ked  Sea,  while  to  the  west  it  slo[)es  at  first  gently  t3 
an  altitude  of  ISOO  metres  to  2000  metres  at  the  western  side  of  lake 
Tsana  and  then  falls  more  rapidly  in  a  series  of  cliffs  and  wooded  spurs 
to  the  Sudan  plains  which  lie  at  a  level  of  about  500  metres. 

This  high  plateau  with  its  mountain  peaks  considerably  modifies  the 
normal  tro})ical  conditions  of  climate  such  as  exist  at  a  short  distance 
to  the  west-ward,  on  the  Sudan  plains.  The  rainfall  is  considerably 
heavier  thaji  on  the  plains,  and  the  winds  during  the  rainy  seiison  are 
deflected  towards  the  centre  of  the  2)lateau  in  the  day  time  when  the 
rain  mostly  falls. 

The  decrease  of  the  rainfall  from  west  to  east  is  shown  below  where 
a  s.ries  of  places  is  arranged  according  to  their  latitudes. 
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Over  the  greater  part  of  the  Abyssinian  area  no  observations  have  been 
taken  and  nt  the  few  places  where  thev  have  been  thev  usuallj'  extend 
over  n  few  months  onlv. 
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Bruce'  in  1770  and  1771  UK'iisurcd  the  rainfall  in  these  two  rainy 
seasons  and  kept  a  regular  record  ut"  pressure,  temperature,  and  winds 
from  1st  January  1770  to  the  end  of  May  1771.  In  1831-33  Eduard 
I^iippel-  travelled  in  Abyssinia  and  observcil  from  IDtli  September  to 
the  17th  December  1831,  and  from  20th  January  1832  in  Massaua, 
two  months  in  Halai,  from  8th  July  to  the  4th  October  1832  in 
Entehetkab,  and  from  1.5th  October  to  3()tli  A})ril  1833  in  Gondar. 
Antoine  d'Abbadie  took  obscr\atioiis  at  (idudar  fnuii  1st  July  to  the 
13th  October  1838;  he  also  published''  six  years  observations  on  tlie 
thunderstorms  of  Abyssinia. 

From  1839  to  1813  the  e.\})edition  of  Lcfebvre''  worked  in  Abyssinia 
their  observations  included  pressure,  tcm[)erature,  humidity,  wind  and 
rainfall. 

11  Mav  —  .")  .Itiiic  IS.'i'.l Miissana 

;)  July  -  r.l  .Itilv  is;}'.t A.liiii 

2')      „■  -  2.S  DcrcmlxT  IS'V.t        Massiiiia 

(>  .Time  —  17  Si'iitciiihiT  LSll       Adiia 

;i(l  llairli  -  20  Aj.ril  1,S42        Atcl)i 

24  April  -  1.^)  May  1S42 Tclichiickot 

2.')  June  —  .")  Octoher  1842    Ailiia 

From  1840-42  Ferret  and  Galinier  were  in  tlie  country  and  in  the 
account  of  their  mission''  they  give  observations  for  temperature  and 
rainfall. 

Major  Harris'  political  mission  to  Shoa"  in  1841-2  took  observations 
of  temperature  and  wind  from  August  1841  until  July  1842  and  recorded 
the  mnnber  of  rainy  days  in  each  month  at  Ankober. 

In  18(J1  Theodor  v.  Heuglin  with  Steudner,  Hansal  and  Scliuln-rt, 
spent  the  rainy  months  of  Julv,  August,  Sei)tember  and  October  at 
Keren  and  took  regular  observations  of  pressure,  temperature,  humidity 
wind  and  rainfall." 

In  18G.5  an  English  mission,  consisting  of  Rassam,  Prideau.x,  and 
Blanc,  Avas  sent  to  King  Theodore  and  was  by  him  kept  in  confinement 
at  Magdala  till  released  by  the  exi)edition  of  18G8.  Blanc  kept  records 
of  the  meteorolomcal  conditions  thi'ou^hout  his  iournev  and  from  12th 
July,  186(),  till  7th  April  18()8  at  Magdala  observed  the  temperature, 

'  Travels   to  discuver  tli^  xuimv  of    111.'   Nile  2iicl    Ed.    LomiIom,   isu.'i,    Vol.   V,   |i.  4(17   If.,  and 
Vol.  VII,  1  ff. 
-  ••  Keise  In  Abt-ssinieu"  1831-33.     l'"niiikfnrt-:i.  M.  1S3S. 

3  •'  Oljservatioiis  relativi's  A  la  Pliysi<|iie  dn  (iUilit-  faitfs  ail  Bivsil  et  en  Ktliioiiie."  Paris,  1S73, 
*  •'Voyajre  en  Aby.'isinie."'  Paris.  Vol.  Ill,  p.  l.'iyp.);'. 
'■•  ••  Voyaice  en  Abyssinie",  I'aris,  1847,  Vol.  III. 
0  The  Highlands  of  Ethiopia,  London.  1814.  Vol.  Ill,  p.  3J7. 
'  ''Reise  iiach  Ahessinien."  Geni,  1874,  p.  liJ4. 


—   IS?   — 

wind  and  weivtlier  four  times  daily.  His  i-csiilts  arc  o-lvcn  in  the  account 
of  the  expedition.'  Kolilfs"  also  published  data  taken  during  this 
expedition. 

The  whole  of  the  foregoing  data  have  been  ably  discussed  and 
sunnnarized  by  li.  Nordinann''  while  Dove^  also  utilises  them,  as  well 
as  othei's  for  lioseires  and  places  on  the  Sudan  jilains  wliich  Me  owe 
to  R  ussetiticr. 

In  recent  years  nioi-e  observation>  have  been  accumulated  bur  a 
considerable  number  of  them  have  not  yet  been  published. 

For  Massaua  and  Assab  a  useful  discussion  of  their  climate  is  due 
to  I\'telhi/'  and  since  then  observations  have  been  taken  but  appear  to 
have  been  published  in  jjart  only.  In  1902  Tancredi  published  a  very 
fidl  account  of  the  clhnate  of  Addi  Ugri  (lat.  14°o")'  X.)"  utilising 
data  of  1X94,  189")  and  1899-1902.  At  Addis  Abbaba  members  of  the 
stall'  of  the  different  European  representatives  have  taken  observations 
which  enable  us  to  compare  fairly  satisfactoril)'  data,  from  1900  to 
the  present  time  for  temperature,  pressure,  humidity,  rain  and  wind. 
The  Italian  stations  of  Ginda,  Massaua,  Addi  Ugri,  Asmara,  Chenafena, 
are  now  furnishing  data  for  the  northern  area.  In  tlie  south  very 
few  observations  have  been  made  ;  at  Lugli  Dr.  Ferrandi'  observed 
iVom  .lanuary  1890  to  February  15,  18i)7  and  the  Bottego  expedition'* 
furnislies  most  valuable  information  for  the  southern  part  of  Kaffa  ; 
Cecchi"  too  between  1878  and  1881  when  crossing  the  country 
from  Zeila  to  Katfa,  (iojam  and  Shoa  added  to  the  existing  stock 
of  material.  For  the  rainy  season  Michel's  '"  account  of  the  summer 
rains  at  (lore  is  most  instructive.  Besides  this  there  are  numerous 
isolated  observations  of  different  travellers,  but  most  of  these  fall  in  tlie 
fine,  dry  season  and  consequently  are  of  only  comparative  interest. 
Since  1900  the  Survey  Department  has  established  several  stations  in 
Upper  Egy])t  and  the  Sudan,  from  which  observations  are  available, 
but  the  series  though  of  consideral)Ie  value  are  as  yet  too  short  to  fur- 
nish accurate  normal  values. 


•  A  history  of  the  Abyssiiiiiin  Kxpeditioii.  Olt'inents  R.  Miirkliaiii,  London.  IHti'.l. 

2  "  Ini  Auftnigf  seiniT  llajfstiit  ili's  Kiinitjs  von   I'l-eussi-n  niit  di'iii   cnifliscliiMi    K.\lll•(litionsko^ll^ 
in  Abessinicn." 

3  -'Das  Kliniii  von  .Xbessinii'ii,"  Mai-burg;,  I88S. 

*  "  Kultuiv.oncn  von  Noni-Ab<'ssinii'M."  I'rt.  Mitt.  Ersanznn^'shi'ft  No.  !I7. 
'■  Koine,  18114. 

«  Boll.  Soc.  (icofT.,  Konie,  K.'l.i-unry  I'.KiH,  sn-  also  lioll.   .\i;i-ir,    Eritiva.  Si'pt.   I'.W).".. 
'  Lii);li.  llonuN  1'JII2. 

"  L'Omo,  Vainuiti-IIi,  and  Cilfini.  Milan,  1S'.)8. 
'■'  ■•  Da  Zeila  alle  tVontiere  del  C'alfa,"  Home,  1887. 
lu  -Vers  Faehoda,'  Paris.  I'.lil2.  p.  ,)»l-l. 
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Tho  tempeniture  of  the  summer  months  is  mild  and  even  cold  at  the 
higher  altitudes,  so  that  the  oppressive  damp  heat  of  a  rainy  season  in 
the  low  latitudes  is  not  experienced;  but  though  this  is  true  of  the 
greater  part  of  Abyssinia,  the  low  lying  country  at  the  foot  of  the 
])lateau  and  the  deep  ravines  of  the  main  rivers,  with  their  rank  vege- 
tation, present  typically  tropical  conditions,  and  by  their  sheltered 
jjosition  maintain  them  throughout  the  year.  Tl>e  hot  and  dry  NE. 
trade-winds  which  sweep  over  the  plains  of  Egypt  and  the  Sudan  during 
most  of  the  year,  cannot  penetrate  into  these  valleys  which,  like  those 
(jf  the  Abai,  and  Takkazzo  run  from  east  to  west,  and  at  the  foot  of 
the  western  escarpment  the  dense  woods  and  bamboo  jungle  prevent 
rapid  evaporation  from  the  ground,  though  at  a  short  distimce  away, 
west  of  Gallabat  for  example,  the  desert  steppes  commence. 

For  the  detailed  examination  of  the  Abyssinian  climate  no  long 
series  of  observations  are  available,  though  .some  extending  over  two 
or  three  years  are  available  for  several  places.  Besides  these,  travellers 
furnish  numerous  isolated  observations  which,  though  of  less  value, 
aid  in  furnishing  a  picture  of  the  climate. 

The  localities  are  given  in  the  following  table  : — 

Meteorolooicai,  obski<v.\tions  taken  in  and  hound  Abyssinia.' 


Place. 


Siiakin 
Tokar...     . 
Berber 

K'jreii...     . 

MnssaiiH 

Asmara 

Kluirtuuiii . 

Kassula 
Halai  ...     . 

Addi  tVri  . 


I,at.  N. 

Alt. 

lit    .". 

111. 

IS  2S 

19 

18    1 

X,t) 

1.-.  47 

i4i;o 

1.-.  S7 

I'.l 

].-.  20 

2:1:2 

I. I  40 

HH,-, 

I.-.  M 

580 

1.")  00 

2.i03 

14  53 

2022 

Oliservations. 


(  Temperjitiire,  Rain,  Wind  ... 

I  Pressure 

Temperature,  Rain,  Wind... 

(  Pressure,  Tempeniture,        1 
I      Humidity,  Wind      ...      ) 

("Pressure,   'lemperatun-,       I 
.'       Humidity | 

LTemperature,  K.iin      

I  Pressin-f,  Temperature,        | 
/      Humi<lity,  Kain,  Wind    ) 

I  Temperature,    rain      ...      > 

I  Pressure.   Temperature 

I  Pressure.  Temperature,        | 
I      Rain,  Humidity,  Wind,    j 

Temperature,  Kaiu      

TemiJeratiire,  Rain 

rTeniperature.    Humidity,   ( 
J      Rain,  Wind | 

Lprcflsure 


Date. 

Reference. 

l.s'Jo-iyo4 

Survey  Dept. 

1902-1901 

<lo. 

Egyptian  .Army 

1901-1901 

Survey  l)ept. 

.luly-Oet.  18CU 

V.  Heuiflin. 

Sep.  1890-April  1896 

Italian.' 

May  l«8ri-Apr.  1«93 

(  Petella. 
■(  Italian. 

Sep.  lK90-.IuIy  1H91 
May  lH9t-Apr.  1H9.". 

■  Italian. 

Mar.  190I-.Ian.  1902 
ami  1901 

1900-1901 

Survey  Dept. 

Nov.l894-Jiinel895 

Italiun.  • 

May-Deeem.  1804 

do.     • 

Apr.  1894-Dec.  189.5 
Jan.  1899-Dec.  1904 

1    do.     • 

Jnn,  1902-Dec.  1904 

do.    • 

I  Up  to  Pecember  1904  only, 
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I'laci". 

I.at.  N. 

Alt. 

III. 

Wail  M.mImim 

11   L'l' 

41(1 

Illtl'IslKlll     ... 

14  211 

Ailiia 

11    10 

I'.IIO 

(Iciliilrf 

1 1    ;i 

Kn.li  •tk:il)  . 

i:i    i; 

2;i(;o 

(iiill:ili:it      ... 

i-j  .-.: 

(iuiidiir 

12  :iii 

I'.IIO 

N()cr:i 

1")  n 

.-, 

Assab 

12  .7.1 

i; 

riicnafciia  ... 

11  4S 

ii;:ii 

KoseiroR 

12  11(1 

4.-.0 

Gir.(l!i 

IT)  2(1 

!i(;2 

Jlajidala      ... 

U  23 

27(10 

Aiikohci-     ... 

'J  a:, 

2.")(  l(  1 

A.l.Ms  Alilial.n. 

'J     2 

2440 

(u)r('     

M  11(1 

2100 

Liijrli    

:i  III 

2('.S 

Asmara 

l.">  2U 

2372 

01)Si'i-\-atiolis. 


fTciii|ii'nitiirc,     Miiniidity.    I 
'       llain.  VViiiil I 

^  I'rpssnro 

Itain         

TciiipiTaliiiv.  K.iin,  Winl     | 

liaiii         

IVinjifratiirL' 

Iiai:i         

ri.'iii|iiT;!tinv.   Kail!       ...       ' 

'IVniptTatiii"*',  Uaiii       

TeMipi'iatiirc,   llalii       

I'lN'Ssurc.  'rcinptM'atiii'i-  Kain. 
Rain        


'ri'iiipi'i'atiirt'.  llaiii 


TcMiipiTatiirr,   Haiii,  Wiiiil... 

'rcinpeiMtiirc,  Ilain.    Wind... 

(  i'ri'.ssiiri',  Ti'inpcratiirr.        I 
I      HiMiiidity,  Uaiii,  Wind     ) 

'lViiip(>raliii'i\  Kaiii,  Wind  ... 

'IVinptM'atine,  Wind,  Haiii... 

\  I'l-pssiirp,  Teni|iei'atnn.',       | 
I       Haiii     I 


Date. 


.laM.  I'.IOl-l'.IOl 
.Ian.  I'.I02    r.l'll 

.luiir-Scpt.   1S41 
.Inly-Srpt.  1.S12 

1 '.103- 1 '.10 1 

•Inly-Scpt.  1.S32 

1 '.1(13-1 '.■01 

l-'.di.  177(l-5Iav  1771 
d'Aliliadie  is3.'-; 

.Ian.  ls:)3-Dcc.  IS;)4 

May  l.S!)3   Feb.  ISJC, 

April.  Dec.    i;i03-4 

r.iooand  I'JUl 

Ainr.  l.s;)l-Apr.  I8'.».j 
and  r.'Ol 

.Inly  l.'iSiI-Apr.  IS.SS 

Aii'T.lSll-.Inly  1,S42 

Nov.  r.lOl-l'.'Ol 

1,MI7 

.Ian.  lS'J.")-Feb.  IXill! 

M.-iy  I'.Kil-.Ian.  r.i(l2 
and  I'.IOI 


lieferen<*es. 


Survey    De))l. 
do. 

[  I..-f,--l.vn-. 

Survey  Dept. 
Iliippell. 
Survey  Dept. 

.   Uniee. 

Italian.' 

do.      ♦ 

do.      • 
Survey   Dept. 

j-  Italian.* 

I'.lane. 


Michel. 
Kerrainli. 

!  Italian.' 


*  Taken  at  Stations  established  by   the  Italian    Governnient  in    Eritrea  and  kindly  eoniimini- 
ealcd  by  tlie  Observatorj-  of  Konii'  or  from  tlie  liollotino  .Ajiric.  Eritre.i. 


The  great  difference  which  exists  l)etween  tlic  altitudes  of  different 
])arts  of  Abyssinia  and  the  plains  which  surround  it,  gives  rise  to 
marked  ditt'erences  of  climate  at  places  which  geographically  are  but 
little  distant  from  one  another;  fmm  the  higher  summits  of  the 
Simicn  Mountains  one  may  leave  a  region  but  little  below  that  of 
perpetual  snow,  passing  through  the  temperate  climate  of  the  main 
plateau  and  finally  within  a  few  hours  have  descended  into  the  hot 
daiu|)  tr(i])ical  climate  (if  the  Takazze  valley. 

The  Abj'ssinian.s  distinguish  three  types  of  country  according  to 
their  different  altitudes,  and  to  each  of  these  belongs  a  corresponding 
climate;  the.se  are: — 

1.  (,^olla  or  lowland  extending  from  sen  level  to  a  height  of  hSOO 
metres ; 

2.  Woiiia  Dega  or  wine-highland  (a  transition  region  between  the 
Qollaand  the  Dega)  1800-210U  metres ; 
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3.  Dega  or  liijj^lilaml,  the  part  which  rises  above  2400  metres. 

The  Qolla  includes  the  belt  of  countrv  on  the  western  slopes  of  the 
])lateau,  between  it  and  the  arid  plains  of  the  eastern  Sudan,  as  well  as 
the  valleys  of  the  principal  rivers;  Dove  '  would  include  also  the  basin 
of  lake  Tsana. 

The  Woina  Dega  forms  the  greatest  |)art  of  the  Abyssinian  ])latcau 
since  the  mountain  masses  of  the  Dega  are  confined  to  Simicn, 
Mount  Guna,  and  the  Chok  mountains  in  Gojam  and  a  few  other 
localities. 

The  low  country  between  the  ]ilate^u  and  the  Ked  Sea  known  as 
the  Samhar  is  climatologically  distinct  from  the  rest  of  the  Abyssinian 
area  since  it  has  winter  rains,  instead  of  the  summer  monsun  rains  of 
the  rest  of  the  country. 

Temperature. — The  highest  teni])erature  is  met  with  on  the 
])lains  of  the  Sudan  and  here  we  find  also  the  greatest  range  of  tem- 
perature since  the  dry  clear  air  allows  rapid  radiation  at  night.  In 
the  Samhar  high  temperatm-es  also  occur  but  the  air  is  damp  from  the 
proximity  of  the  sea  and  the  range  is  nnich  less.  Wad  Medani  on 
the  Blue  Nile,  and  Massaua  on  the  Red  Sea  are  typical  stations  of  these 
two  areas. 

Wad  MeSani.  ( i;t()2-1904). 
Lat.  14-  24'  N.     LoN.i.  ;W    ;il'  R.     Alt.  41(I  mkthks. 


IVt.  Milt.  Krgnnziiiit'slieft,  No.  97.     (uitlia,  l.^^.S'J. 


r.a 


Massaua.    (May  188.')-April  18'.t3.)' 
Lat.  1.7"  3(i'  4tt  N.  Altitl'de.  1'.»'5  metres. 


Me»n 

Mfiiii 
MMxiimiiJi 

XI.-.1I1 
Miiiiiniiiii 

Kaii^'i- 

.TniuKiry 

l'"<'l)ruary       

Marcli 

Aj.ril       

May        .. 

Jiiiii-       

July         

Augu.'^t 

Soi)teinl)<'r 

October 

November      

]  )eccmber      

c" 

2.vi; 
2i;mi 
27-2 
2'.t'() 
31-3 

33  T) 
3v8 

34  7 
33-3 
31-7 

2'.i  •  ;• 

27-0 

28-:i 
2'.tM; 

30  Ml 
32  T) 
34-7 
37 -a 
38-7 
38  M) 
3(1 -5 
3r)M) 
32-1 
30- 5 

22-5 
23  Ml 
24-1 
25-8 
28MI 

2'.im; 
31-6 
31-4 
2it'fl 
28-2 
25-0 
23-2 

(;-4 

t'lMl 
(■)•') 

(".•7 

(;-7 

7-9 

7-1 

()M, 

(;-8 

Cm; 
7-3 

Year       

30-3 

33-8 

2G-!t 

C".t 

The  fall  of  teniperiiture  nt  Wnd  Medaui  in  June- September  during 
tlie  summer  rains  is  not  experienced  at  Massaua  where  the  maximum 
is  reached  in  duly  and  the  lowest  temperature  coincides  with  the 
winter  rains  of  January,  since  there  is  no  rain  in  tlic  sunnnor  months 
on  the  Red  Sea  coast. 

At  Assal)  conditions  similar  to  those  of  Massaua  prevail,  hut  tlio 
observations  there  d.o  not  form  so  long  or  so  complete  a  series. 

Assab. — Lat.  12^  .50'  N.,    Altitude  C  metres.' 


January 
February 
March  . ." 
Aiiril    .. 
May     . . 
.Tune     . . 
J  uly     . . 
August... 
Sp])tenil)er 
( )ctobcr 
November 
December 


Year 


Monthly 
Mwin 


2r)M'. 
2.'V7 
27-7 

28  m; 

30-4 
33-2 
35-5 
3.5-0 
33-8 
30-2 
27-4 


2'.1-9 


Mean 

Mean 

Max. 

Min. 

Kaiige 

C 

c^ 

0= 

1  28-2 

22-7 

5*5 

28-3 

22 -G 

5-7 

30M) 

24-1 

5-9 

31-1> 

2.5M) 

c-'.t 

34-4 

2.5 -2 

7-2 

;!7-2 

27-3 

9-9 

39-3 

30-1 

',f2 

.38-.t 

2'.>m; 

'.t-3 

3C.-3 

2;t'0 

7-3 

33-2 

2C-2 

7-0 

30-2 

24-2 

G-0 

28-2 

21-8 

6-4 

33-0 

25-7 

7-2 

'5    (*  for 


(t 


for 
for 


1880  and  1887.) 
188.5.  188C  and   1887.) 
1885.  1880.) 


'  Petclhi,  Massaua  n\  .\ss:il..     liuin.',  lS;t4. 


—  r.L>  — 

III  the  (^olla  region  there  are  few  places  where  a  long  series  of 
observations  have  bsen  made.  Isolateil  observations  at  Roseires,  and 
Gallabat  are  available  ;  more  regular  ones  for  Keren  in  the  noi-th,  in 
the  basin  of  Anseba  river  at  an  altitude  of  1460  metres,  exist,  and  also 
at  (iinda  about  50  kilometres  south-west  of  Massaua  and  at  an  altitude 
of  i)(i2  metres,  but  even  at  Keren  we  are  nearing  the  uj>i)cr  limits  of 
the  Qolla  region. 

Keren     (18S»2  and  May  l.S'.)4.— Apiil  ]s;i5). 
LATrriiDE    1.5°   46'   44".    Altitude   1400   metres. 


Jiiiniary  . . 
]''('l)riiary  . . 
March       . .      . . 

AiM-il 

May 

June 

July 

Au^jiust 
Si'iitenilxT 
( )ctol)er     . .      . . 
Novenihcr  . 
Deccnihcr  • 

Mean 


Moutlily 
M«ni. 


is-;5 
r.t*2 

•2\''.) 
2.5 -4 
25-6 

1'2*.S 
2()-C. 

IS-l) 

lice, 
lit-'.) 

hs-c; 


2()-7 


Mean 
Maxitiiiiiii. 


0° 

■2->-l 

2'^'^2 

21 '1 
31-2 
2f>-2 
2:i-2 

2(f;{ 
24- :> 

2/)-3 
2f.-4 
2'>-[) 


25".l 


Miniinnin. 


i.'m; 

14-1 


IC) 
18 

14 


i.v;j 
i;i-'.t 

1;V1 
15-2 
14-0 


];>•(» 


Runire. 


11-.') 

1.5-1 
11-4 
\2-C, 

lO-S 

.■)•(! 

Kn; 
II -2 


lo-.s 


Ginda    (Auirust  18iU.— April  IS'.i,')). 
LATriTiiE  1.5°  2G'  13".    ALTrrrnE  0C>2  metres. 


January  .. 
Fehruarv  . . 
March    "  ..      .. 

April 

May 

June 

July 

August 
S<  pti'inbor 
Octol)er     . .      . . 
Novenilicr 
Doceniliir 

Men; 


Monthly 
Mean. 

18 -iJ 

1  ;>•(•. 
2i)-r, 

24-0 

2(;-'.i 

2'.f4 
29-6 
28 -1 
28 -.3 
24 -ll 
22M) 
20-2 


24-4 


Mean 
Maximum. 


■>■)• 


23 -4 
28M» 
31-3 
34-6 

;54-i 
3i-(; 

33  T) 
29 -.5 

2C>->< 
23-.-) 


28-4 


Mean 
Minimnni 


14-4 

i(;-3 

17-4 
lit- 9 
22- T) 
24-2 
25-2 
24-0 
23-8 
2(1-1 
18-8 
IC.-T 


20-3 


IlaiiffO. 


7 '8 
(•.•4 
CM) 
S-l 

s-.s 
10-4 
8".» 
7-J 
'.1-7 

;c4 

8MI 
0-8 


8M» 


—  VXi  — 

It  is  to  1)1'  iioticciil  thai  in  s^nlr  of  ihc  dili'ereiicc  of  aOO  inctivs  in 
altitude  the  iiiciiu  tciiiperatures  of  Kci'cn  and  Ginda  are  ncai'ly  the 
same  from  December  to  May,  but  in  tlie  other  mouths  that  of  Ginda 
is  considerably  higher.  This  is  due  to  the  winter  rains  at  Ginda  which 
are  heavy  while  in  July  and  August  there  is  only  a  secondary  maxi- 
nnun.  The  range  of  temperature  at  the  time  of  the  summer  rains 
is  very  small  so  that  the  mean  of  th.e  year  stands  about  4°  higher 
than  that  of  Keren. 

Dove  would  include  the  basin  of  lake  Tsana  in  the  Qolla  reganling 
it  as  a  transition  from  this  to  the  AVoina  Dega.  For  this  pai't  of  the 
country^  there  exist  the  observations  of  Bruce  from  Februai-y  1770  to 
Ahxy  1771,  of  A.  d'Abbadie  and  Kiipiu'l  (>fcr.  Zeit.  lN7(i,  |i.  170) 
at  Gondar. 


Jamiury 
Fcliruary 
March    .. 
April 
May..   .. 
June 
July      .. 
Auirust . . 
Septenilier 
Octolier 
Noveiuhcr 
Deceiiiher 


Mean 


Maiitlily 
Men:.  1 


20' 
20' 
21' 


23' 

21' 
17' 
l.V 
14' 

k;' 

17' 
IS' 

I'.i' 


Mnntlily 
Mi-an  ■•' 


I'.fl 
2()MI 

22-1 
22-7 

20-.S 


18-'.) 


!!)•() 


IC.-'.I 

17MI 

I'.I -4 
19M) 

i7-i; 


19-4 


M.'MII 

JI;i.\.  1 


C° 

2;{-;5 

24-4 

2:1 -.j 

32-8 
27-2 
2()-0 


l.S' 
17' 
21' 


2;V(; 


ll.-;in 
Miniiiiiini. 


k;-! 

1. •!•'.» 

];5-;i 
i.vo 

l.Vd 
15-6 

12-S 
J  2-8 

i;i-;5 
i;5-;5 
i.vo 

].V(l 


Uiinn". 


/•2 


14- 'J 


lO-f) 

ir.-2 

17-8 

12-2 
4-4 

C-l 
.')•() 
7-.S 
7-.S 

s-;! 


O- 


On  the  plateau  of  Abyssinia  whicli  comprises  the  greater  part  of  the 
country  two  localities  ranged  along  the  eastern  margin  furnish 
representative  data  of  the  Woina  Dega.  Addi  Ugri  (hit.  15^  X.)  on 
the  north  and  Addis  Abliaba  in  the  soutli  provide  the  most  complete 
series  of  meteorological  observations,  whiK'  Adua  and  (iondar  are  cha- 
racteristic of  the  central  and  northern  part  of  the  plateau.  The  obser- 
vation of  Addi  Ugri  up  to  December  190-1  have  been  very  fully 
discussed  by  Tancredi.  ''  Those  of  Addis  Abbaba  are  due  to  members 
of  the  British,  French,  Italian  and  liussian  stall's  residing  at  the  court 
of  the  EniiH'ror  Menelik. 


I  Bnu'e. 

*  D'Al)l)!i<lie  and  Uiippi'll. 
So.',  (ici)g.  Ital.,  l'"i;l)n[ary.   I'.li):! 


11  iiiif,  p.  7il.  al>i)  Bull.  .\f;iic.  Eritrcil,  Sept.  I'JO.'i. 


—  i:i4  — 


Addi  Ugri.     (April  IS',14,  Decemljer  LS'.to  and  18'.t'.t-10U4). 
LATnrnK  14    r);}'.— Altitudk  2022  .MiniiKs. 


January    . . 
February . . 
Man-li 
April..      .. 
May  ..      .. 
Jnno . . 
July  . .      . . 
Au;i;u;>t 
Sejitember 
October    . . 
November 
December 

]\Iean 


Mc.iiHily 


IS-l 
I'.IMI 
21  •.■5 

2i-;j 

21 
20 
IS 
17 

r.i 

i:f;i 

]<s-;5 

17-4 


i;i-4 


Maxiiiiiiin. 


2")-(; 

27-4 
211 'S 
211-4 
28-11 
27-4 
23-5 
2:5 -0 
25-5 
27-0 
25-0 
25-4 


2{".-(; 


Miiiiiiiiini. 


11 -;i 

11-8 
i;i-r. 
i;5-8 

15-2 

14 

1:5 

i;5 
i;{ 

12- 1» 
11 -f. 
10-4 


12-II 


Itun, 


14-.} 

i5-(; 
i(;-2 
15-t; 
]:i-7 
\:]-c, 

Ki-l 

11 -It 

14-1 

i4-;5 

15-0 


13- 


Addis  Abbaba.     (.Inly  1S;»,S— Di^ccnibiT  1H04). 
Latitidk  0'  0'. — Altiti  UK  2440  mktres. 


Monthly 
Mean. 

Mean 
Miniminn. 

Menn  absulnte 

Kaiijic'. 

Mailiniiin 

Minimum 

January    

1  (;-(■) 

15-2 
17-8 

u;-2 

17-3 
15-1 
13-7 
14-11 
14-4 
15 -C 
If. -3 
lo-o 

C° 

7-2 

8-1; 

10-0 

10-2 

D-C. 

11-8 

10-0 

10-0 

11-8 

8-4 

(".-8 

(5-1) 

(.0 

22  •  11 
23-1 
24-4 
22- 11 
23-7 
22-0 
20-2 
lit -8 
20-3 
22-0 
22-0 
21-7 

(.0 

4-2 
5-4 

c-o 

8-0 
7-0 
8-0 
8-1 

7-8 
7 -It 

5-r. 

4-0 
3-7 

18-7 

Fel)ruarv 

17-7 

Mardi    " 

18-4 

April 

14-1' 

Ma}- 

June 

July 

ii;-7 

1  l-n 
12-1 

Aui'ust      

12-0 

September        

October 

12-4 
l(;-4 

November        

December 

18-0 
18-0 

Mean 

15-7 

8-11 

22-1 

(1-3 

15-8 

F(ir  Adua  we  have  two  sliort  series  of  observations  taken  by  Lefcbvre 
in  tlic  rainy  season  o£  1841  and  1842. 

Adua.— L.\TnTi>E  14"  10'  N.     Ai.TiTrDK  1010  metues. 


June    . . 
July     . . 
August 
Beptembe 


1S41 


22 -C. 
20-(; 
111-7 

rj-2 


Mean. 


22-G 
20-4 
ll)-6 
111-4 


l'J5  — 


From  the  ])ega   or  hill-country  we  have  observations  from  five   sta- 
tions nearly  all  on  the  eastern  edge  of  the  plateau,  viz. 


Latitude. 

Altitiiilf 

metric 

Asiiiaia 

ir>"   2(1'    27" 

2;i72 

Halai 

14    5!t    42 

25G5 

Eiitclictkal) 

13      G 

2'.>t;o 

Ma-aala 

11     2;3 

27GO 

Ank()l]er 

•1    85 

2500 

ilKAN    MdNllH.V    TEMI'ERATIRE. 


.lamiary 
Fcljniarv 
Maril.    :. 
April 
May       . . 
June 
July 

August . . 
Si'i<t(MiilK'r 
Octolior 
Nov(Mnl)er 
Decern  l>or 


Asmara. 


15-4 

15 -G 

IG-S 

IG 

17 

18 

IG 

IG 

IG 


Halai. 


14-0 
14 -G 
15-0 


Meal 


lG-1 


14-7 
14-8 

12M) 
1(>*5 
l(l-l 

7' 

i;5 
i;5' 


;i 


Entchetkab. 


U-G 
11-4 
12-1 


Mngdala. 


C 


13- 
14- 
IG- 
N- 
IS- 
17- 
15- 
14- 
15' 
13' 
13- 
13' 


14-5 


AnkiilxT. 


11" 

12- 
14- 
12- 
15- 
16- 
14- 
13' 
]2- 
11' 
11' 
11' 


13-0 


Asmara. 
May.  ;)4-April.  '.15.  :Marcli.  Ol-Jan..  02, 


Halai 

Mav-Deecml)er.  1804. 


Mean 

Mean 

Maximum. 

Min.  (!)4-y5). 

c" 

C» 

Jainiarv 

25-1 

{]-S 

Fel)riu)rv 

22-8 

7-2 

Mareii 

24-4 

8-4 

April 

23 -S 

T-l) 

May 

25-0 

8-7 

June 

25-3 

11-5 

July 

22 -n 

10-1 

August 

21-(i 

11-2 

Septeinl). 

22 -G 

11-1 

Oetolier 

20-0 

10-9 

Novenil)er 

2t)*S 

10- i) 

Decoinher 

21-4 

G-l) 

Mean  . . 

22- it 

'.••3 

M.a.i 

Mean 

Maxinmni. 

Minimum. 

Kange. 

C° 

C 

C 

January 



— 

— - 

FeKruary 

— 

— 

— 

:\Iarch 



— 

— 

Aiiril 







May 

24-2 

5-2 

19-0 

June 

25-0 

4-G 

19-0 

July 

20 -G 

3-5 

17-1 

August 

17-G 

3-5 

14-1 

Scptcmb. 

](;-4 

3-8 

12'G 

October 

14-1 

1-8 

12-3 

Novenil). 

19-7 

7-1 

12'G 

Decemb. 

21 -G 

5-8 

15-8 

Mean.. 

r.t''.t 

4-4 

15-4 

'  From  Nordmann,  "  Das  Kliuia  von  Abessinien." 
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Magdala. 


Ankober. 


Mean. 

M.MIl 

Kaiifre. 

Mnxiniiiiii. 

MiniiMiiin. 

(_■' 

(•° 

(■> 

•  iMiiiiary. 

l>]-4 

.")  ■ .") 

i.-)-;) 

Fcliiiiarv 

2:5-. -5 

(;•;) 

i(;-4 

Man-h 

25-8 

8".) 

1  (•)•;) 

Ai)ril 

28-0 

s-;i 

19-7 

:\Iav 

27-8 

10-5 

i7-:{ 

.1  IllH' 

28-3 

'.••4 

18''.t 

.lulv 

2;i-;5 

8  •.■5 

15'(» 

Au<,fust 

24-1 

s-c. 

]-)•-) 

St'|)tenili. 

20 -S 

1 '.) 

i;}-;5 

( )ftol)er 

21-4 

(;•(■> 

14-8 

Noveiiili. 

21-7 

.•5-2 

18- -) 

DfL-cmli. 

22MI 

.•{•2 

18-8 

Mean.. 

2;5-7 

7-2 

1C.-8 

M.aii 

M.-an 

Rnngv. 

MaxiiiiiiMi. 

.MiniMLiLiTi. 

t° 

v° 

(■' 

.]amiar\- 

i4-i; 

7'.') 

7-1 

Fcl)niarv 

i:)  ") 

'.••2 

(;-;i 

March 

17-1 

]()-S 

(;•;'. 

Ai.ril 

I.VO 

10-7 

i-;i 

Mav 

l.S-l) 

12-8 

.■)-2 

.June 

10-0 

iri 

4-(; 

.Inlv 

17-(l 

ll-'.l 

.VI 

Au^rust 

i.v:i 

KIM) 

")  ;» 

Sciitcml). 

i')-(; 

i(i-;i 

;V;5 

OctolxT 

14-2 

7-:i 

(;•;! 

Novt'inl). 

u-:\ 

7*8 

(■>•") 

Dceenil). 

14-7 

7-0 

7-7 

Mean. . 

];•;•;» 

lo-l 

:.•;» 

I'LACE. 


A\'a,l  :\I,-aai)i  . 
SuaUiii     .  . 
Massaua..      . 
Assal)       ..      . 
(iiiida 
Keren 
(Jondar    . . 
Aildi  Ugri 
Addis  Al)l)al)a 
Asmara    . . 
MaL'dala  . .      . 
Ankolier.. 


Yearly 
ilcan. 


27  m; 
;5(i-;! 
2:1  •  It 

24-4 

20 

i;t 
111 
1.") 
ic. 

lo-3 
13-0 


Mean 
MaxiiniiiM. 


.71 -1 

;i;5-.s 
;);j-o 

28-4 
2.V'.l 
22-7 
2t)-8 

22*".l 
2^5-7 


Mem 
Miiiiiiitiin. 


2<»-(; 
2;i-8 
2r)-;i 
2.") -7 
2o-;i 

I.VII 

14 -s 

12-.S 

S-'.t 

7-2 

Kl-l 


Mean 
Uaiiec. 


l.S-,-) 

:••.•', 

O-'.l 
7-2 
S-l) 
1(1-8 
'.f.-i 

i4-;i 
i:{-(i 

'.•8 


Sudan. 
Sandiar. 


<>»olla. 

\Voiiia. 
Deo  a. 


The  ditfereiife  between  tlie  mean  nuixiiiiuiu  temperature  of  Maiidala 
and  Ankober  needs  explanation. 

To  review  the  temperature  coiuHrions  of  the  Abyssinian  plateau 
compared  with  these  of  the  suiTouiKhni;"  cniuirry.  it  may  be  said  that 
owin^  to  its  elevation  it  enjo3's  a  mild  enmate  with  a  moderate  range 
of  tem])eraturo  as  compared  with  the  lowt'r  lyiug  Sudan  ])lains  wliere 
the  mean  maximum  temperature  for  the  year  is  oij  (S',  and  the  mean 
range  is  18^  2';  on  the  eastern  side  near  the  Red  Sea  the  mean  temper- 
ature is  higher  than  on  llie  plains  owing  to  the  much  higher  mean 
minimum  and  the  mean  range  falls  to  6°. 9. 

'  The  Ahyssiniaii  Expedition.  Markhani.  App.  <'. 

»  The  Highland;^  of  Ethiopia.  Harrif.  Vol.  II,  App.  I. 


—  1'.I7  — 

III  till'  (^olla  region  hot  dini])  comlitions  with  small  raiiire  prevail 
and  the  two  stations  quoteil,  (iimla  and  Keren  do  not  fairly  represent 
the  conditions  which  exist  in  tlie  Al)ai  ami  the  Takazze  valleys. 
Gcndar,  Addi  Ugri,  and  Ad(hs  Abljaba  are  representative  of  the  greater 
part  of  Abvssinia,  thongh  the  first  named  station  is  probably  affected 
by  the  proximity  of  lake  Tsana,  as  is  seen  in  the  rednced  maximum 
and  rano-e  and  the  increased  minimum.  The  three  mountain  stations 
are  confined  to  the  eastern  crest  of  the  plateau.  In  all  cases  except  in 
the  Samhar  rejrion,  there  is  a  maximum  about  May,  which  is  followed 
by  the  cooler  jx-riod  of  the  rainy  season,  after  which  there  is  another 
secondary  maximum  about  November. 

"Winds. — The  winds  of  the  Abyssinian  area  in  general  show  a 
variatiiju  between  the  dry  ami  the  rainy  season  just  as  the  other  meteo- 
rological factors  do,  but  besides  this  there  is  a  considerable  difference 
l)etween  the  directions  of  the  jjrevalent  wimls  in  various  parts  of  the 
luiintrv  at  the  same  time  of  year.  Observations  covering  a  complete 
year  are  not  numerous,  especially  in  the  central  and  southern  parts  of 
the  plateau,  and  conseijuently  many  isolated  or  incomplete  data  have 
to  be  utilised. 

Xurinally,  the  XE.  trade  wind  sweeps  over  the  deserts  of  the  Sudan 
from  October  to  May  and  blows  np  to  the  Abyssinian  plateau  as  a  N 
or  XW.  win<l :  about  May  southerly  winds  set  in  as  the  sun  increases 
its  north  declination,  and  these  continue  after  the  solstice  as  it  returns 
southward  until  near  the  autumn  equinox.  This  period  of  southerly 
winds  coincides  with  the  rainy  season.  The  effect  of  this  monsuii  or 
lialf-vearlv  reversal  nf   the  wind  is  traceable  us  far  as   Suakin. 
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Pevceidaiji'  ihii/s  of  predimunaid  iiiml  for  dipefent  months  for  10  i/ecti:<,  IfiOl-UWO. 


Wind 

X 

XK 

E 

SK 

s 

sw 

w 

N\V 

faliu 

\ariable 

■laiiuiirv 

H5-0 

3li-('. 

2-7 

0-S 

0-3 

i-'j 

21 -'J 

O-fi 

I'l'tiniai-v        

:b-i; 

3.-,-.-, 

3-8 

1-3 

— 

— 

0-4 

22 -'.1 

— 

2-4 

Manli      

32-1 

33-0 

(   *  ( 

0-7 

— 

0-7 

1-4 

24-0 

— 

0-4 

.\|iril 

3'.I-S 

37-11 

2-5 

2-2 





2-3 

15-3 

— 

— 

Mav 

Hii-i; 

3il-:) 
3t-I 

!t-3 
lO-S 

2-3 
1-3 

0-4 
3 -it 

0-4 
4-1 

0-4 
12-0 

•1-0 
12-2 

— 

2-2 

.limi' 

i:-(i 

4-ii 

.liilv 

12-2 
llMi 

lo-;i 

17-2 

r,-o 
3-r, 

0-8 
2-0 

4-5 
7-!l 

21I-3 
l'J-2 

11-7 

7-0 

I4-'.» 
11-8 

— 

10-11 

August 

19-7 

September      

31  Ml 

40-i; 

7-4 

— 

.->-!! 

1-S 

4-4 

3-7 

— 

h-2 

October  . . 

4'.l-.". 

2.S-1 
32-11 

s-Ci 

3-4 

1-9 
1-4 

(1-1 

— 

4-8 
2-0 

0-2 
9-1 

— 

(■.•8 

Xoveiuher      

47-5 

4-7 

Deoeiiil)er 

43-4 

30  :> 

7-y 

1-1 

— 

— 

r>-4 

9-3 

— 

2-5 

Jli-au 

32-7 

31-1 

r,-i 

1-3 

l-'.P 

4-<; 

4--. 

12-9 

— 

.■.•11 
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Tokar.  — PnF.VAi.KXT  AVisi' 


DATE 

Jan. 

Feb. 

.Maicli 

April 

.May 

.Iiinc 

July 

AllKUl^t 

St'pifm. 

Octoljf-r 

Xitv*-iii. 

Ih-ri'iM. 

1392 
1893 

N 

NE 

XE 

NE 

NE 

XE 

sw 

>.v 

sw 

wsw 
sw 

XK 

EXE 
EXE 

EXE 
E 

XE 
EXE 

1894 

XN'E 

XXE 

XE 

NE 

NE 

sw 

sw 

sw 

SW    i    .... 
NE    (   ^'^■ 

EXE 

NE 

1895 

NE 

XNE 

XE 

NE 

NE 

sw 

XE 

sw 

sw 

SW 
XE 

XX  E 

XX  E 

NE 

1896 

NXE 

NNE 

NE 

NE 

XE 

.. 

NE 

NE 

1897 

NXW 

XNW 

XXW 

N\V 

W 

,  ssw 
/  sw 

s 
sw 

s 

S 

XNW 

X 

NXE 

1M9S 

X 

X 

N 

N 

X 

wxw 

ssw 

WSW 

XX  E 

•• 

•■ 

The  winds  of  tliese  two  stjitioiis  nw  iiiterostiiiji'  as  rliev  are  flu- 
furthest  extension  northward  of  the  southerly  winds  and  do  not  show 
so  much  deflection  to  NW.  and  XXW.  in  the  rainy  season  as  is  recorded 
at  most  stations  in  north  Al)yssinia,  e.<j.  Addi  Ugri.  As  far  as  Tokar 
(lat.  18°  12'  X)  the  SW.  win<ls  prevail  for  o  months  but  at  Suakin  it 
is  only  in  July  and  Auj^ust  that  the  southerly  and  south-westerly 
Avinds  are  ])rcdoniinant. 

The  hi<ih  mass  of  the  Al)yssinian  plateau  <-onsi<leral)ly  complicates 
the  simple  half-yearly  alternation  of  the  winds  at  places  within  its 
borders  and  the  regular  change  from  southerly  to  northerly  winds,  and 
again  from  northerly  to  southerly  often  cannot  be  readily  recognised. 
The  plateau  occupies  an  area  of  low  barometric  pressure  in  the  earlier 
months  of  the  year,  but  after  May  it  lies  in  the  western  part  of 
the  trough  of  low  pressure  which  extends  from  Central  Asia  as  far 
as  the  Xile  valley  (see  Plate  XLV.). 

At  Addi  Fgri  XE.,  Iv.  and  SE.  winds  of  the  dry  sea.son  are  replacetl 
by  W.  and  X"W.  Avinds  in  the  rainy  sea.son,  and  at  Adua,  SA\'.,  and 
XAA'.  winds  prevail  during  these  months.  Addis  Abbada,  Magdala 
and  Ankober  on  the  eastern  side  of  the  plateau  also  show  the  same 
seasonal  change  of  the  winds;  January  to  ]\Iay  SE.,  and  E.  winds 
prevail  Avhile  XE.  and  EXE.  winds  blow  in  October,  X'ovember  and 
December.  At  these  stations  in  the  rainy  season  the  winds  are  vari- 
able usually  XXE.  on  the  fine  days,  while  SW.  winds  accompany  the 
heavy  falls  of  rain  Avhich  at  this  season  occur  almost  daih. 

At  places  like  Gondar  r.nd  other  parts  of  the  basin  of  lake  T.<ana,  the 
land  and  lake  breezes  probably  mask  the  true  movement  of  the  lower 
air  currents,  and  similarly  the  mountain  and  valley  winds  on  the  west- 
ern slopes  of  the  plateau  above  Gallabat  and  other  such  places  will 
produce  alternations  of  local  winds  which  are  not  included  in  this 
general  statement. 
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At  Mogcr  on  the  t^outh  side  oi'  the  Rogge  Mountiiiii,  and  therefdre 
just  out  of  the  basin  of  the  Guder  ami  in  that  of  the  Onio,  Cecchi' 
stayed  from  July  22  till  the  Septembar  30,  I  NTS  but  as  he  was  in  the 
neighbourhood  of  this  place  from  the  beginning  of  July  until  the  end 
of  November  we  may  take  these  ol)servations  as  representing  a  rainy 
season.  From  February  21,  to  October  3,  1<S7'J,  he  was  at  .Shalla, 
(Lat.  7°44'X.,  Long.  36°  26')  situated  at  an  altitude  of  about  2100 
metres  on  the  east  side  of  the  Sekia  and  Gesha  mountains  in  or  near 
which  the  Didessa,  the  Baro  and  the  (iogeb,  the  most  important  tribu- 
taries of  the  Blue  ^s'iie,  the  Sobat,  and  the  Omo,  respectively,  take 
their  rise.  These  two  series  furnish  a  good  record  of  the  winds  of  this 
important  gathering  ground. 

Prevalent  winij. 


July. 
22-31 

August. 

September. 

October. 

Mo<rcr*  187.S       

N°  of  observatifins       

N"  of  calms 

i;5i 

N\V-SE 

Variable 
152 
74 

Slmllaf  1870  .. 
N"  of  observations 
N"  of  calm.s. . 


March. 

April. 

May. 

.June. 

.July. 

August. 

SSE 

sw 

8SE 

s 

SSE 

s 

2G 

20 

88 

17 

107 

110 

20 

8 

.54 

10 

ir>,2 

93 

Sept. 


V'ar. 

12C) 

81 


70  km.  S\V.  of  Addis  .\bhaba. 


t  Near  the  souree  of  the  Raro. 


At  Lugh  or  near  Lake  Stephanie  beyond  the  southern  extremity 
of  Abyssinia  a  similar  alternation  occurs,  X.  and  XE.  winds  prevail 
from  Xovember  to  March,  variable  winds  in  October  and  April,  and 
S.  and  SW.  winds  from  May  to  September. 

The  wind  directions  at  Lugh  are  given  by  Ferrandi"  and  are  of 
special  interest.  Situated  on  the  low  plain  of  Somaliland  it  is  in  the 
current  of  tlie  Lidian  south-west  monsuuand  conseijucntly  has  a  steady 
SW.  wind  from  May  to  September.  This  seems  to  be  about  its  western 
limit,  for  the  members  of  Bottego's  expedition^  who  were  travelling 
west  of  Lugh  from  January  to  September  ISiX)  between  the  river  Webi 
and  Lake  KuiU)lf  recorded  only  light  to  moderate  winds  from  SE. 
during  these  months.*  West  of  this  jjoint  there  are  no  ob.servations 
in  the  rainv  sea.soii  unril  we  come  to  Gore  on  the  Baro  river  where 


i  '■  Ua  Zeila  alle  froutiere  del  Caffn."  Koine.  1887.  Vol.  Ill,  p.  575.  .")9'.t. 

2  I.iiL'h.  R. ,  I'.IO!. 

3  I.Onio.  Vannutelli  :ind  (Itenii.  Milnn.  18U9. 

*   Slimvn  unMiT  he:\diiifr  of  Lake  Ste;ih:>nie  on  p.  1*,>G. 
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Michel'   made  observations  for  several  inonfhs  in  lSil7.  and  gives  tlie 
predominant  wind  direction  as  westerly. 

From  Beni  Slianuul  there  is  little  information:  Scliiiver who  travelled 
in  this  part  durin<>'  the  rainy  season  of  18<S1  says  that  near  Fadasi  rain, 
accompanied  in  most  cases  by  thunderstorms,  came  up  usually  from  the 
west  or  south-east,  hut  as  a  rule  the  winds  were  li<>"ht  and  calms  pre- 
dominated ;'  he  was  inclined  to  think  that  the  winds  were  light  through- 
out the  year. 

Major  (iwynn  passed  through  the  same  district  Deceml)er  1S09- 
]^larch  1900  and  writes,  "on  the  low  ground,  which  was  pretty  thickly 
\vooded,  the  wind  was  ])ractically  imperce})tible ;  generally  I  should 
sav  that  the  wind  was  very  light,  and  variable  in  direction."  On  the 
Lega  (ialla  plateau  esist  of  the  Yabus  he  notes  that  the  wind  was  very 
light  in  February  and  generally  from  the  south-west.  It  seams  pro- 
bable that  this  was  a  valley  wind  blowing  during  the  day  uj)  to  the 
high  Lega  (xalla  plateau,  situated  at  1  ")00  to  ISOO  metres  above  the  sea. 

At  Koseires  the  rains  at  the  end  of  May  are  accompanied  by  south- 
west winds,  and  southerly  winds  predominate  throughout  the  summer 
months. 

Pr.IU'KNTAflK  Fl!K(jri;N-CY  UK   \VlN|iS  AT  AUKIS  Alil'.AMA   I'.tni  l-l'.K  1 1. 


Months 
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s 

sw 

w 
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.1 

x\v 
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Jan  liar  V     .. 

") 
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24 

■J 

1 

20 

N  7(1'  E 
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12 

•>■) 
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;i 
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4 
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E 
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A\'lXli  IiIRF.CTIOXS  OBSKUVKD  lOO.J. 
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Humidity  and  evaporation  are  also  of  interest,  but  systematic  obser- 
viitions  are  scarce;  the  Russian  observations  at  Addis  Abbaba  and  the 
Italian  ones  at  the  stations  in  Eritrea  ruriii  the  bulk  of  the  material 
a\ailal)l('.  The  liii;h  altituilc  of  the  table  land  as  well  as  its  position 
within  the  region  of  the  NE.  trade  wind  accounts  for  the  dryness  of 
the  winter  months  and  it  is  oidy  in  the  wet  season  ,Tunc-Se])teniber 
that  tlie  humidity  is  high  at  midday. 

Addis  Abbaba.'— Uklativk  Himihitv  I'KU  ckn't. 


(  a.  III. 
]  p.m. 
'.I  p.m. 


Mean 


Jan. 

Fi-I). 

Mar. 

.Apr. 

May 

Jllllt' 

.Inly 

Aug. 

St*p. 

8(1 

7(; 

74 

Oct. 

Nov. 
57 

;{5 

45 

4il 
48 

71 
44 
58 

(■).") 

■i-2 
-)2 

74 
.->4 

»;■) 

(•>1 

4(1 

81 
(•.4 
75 

82 

88 

88 
78 
8G 

84 

57 

4(; 

".8 

'rl 

f)! 

74 

8t; 

48 

45 

Dec. 


(•)5 
■>\) 
55 


5.} 


\'Ar()l'l(    TiON'SKiN    l\    .MlLI.I>riaiiKS. 


.Ian. 

G-5 

(;-8 

G-4 
G-G 

Fi-li. 

Mar. 

.\|ir. 

May 

7-G 

7-7 
7-G 

7'G 

.Ill!ic 

July 

A.ig. 

9-1 
11-2 

9-8 

l()-() 

Sep. 

Oct. 

Nov. 

Dec. 

VE.Ml 

7  a.m.    .. 
]   p.m.    .. 
'J  ji.m.    . . 

6-1) 
7-4 
G-S 

7-3 

7-0 
7-1 

7-;-5 

7-7 
8-0 
8-1 

8-2 

8-5 
9-1) 
8-7 

0-(» 

9-() 

10 -i) 

9-5 

8-0 
9-5 

8-G 

5-8 
G-8 
5-7 

5-G 
G-1 
5-2 

5-8 
G-2 
5-9 

7-3 

8-2 
7-5 

Mean 

7'() 

8-7 

G-1 

5-G 

G-O 

7-7 

Addi  Ugri.— Mkan  Rkl.^tive  HrMinnv  I'Kit  cknt. 


Oct.  1899-  ] 
Dec.  1904  \ 


.Ian. 

32 

Feb. 

32 

Mm-. 

2^ 

Apr. 

39 

May 

32 

.Iiine 

.Inly 

Aug. 

7G 

Sep. 

Oct. 

40 

X..V. 
4G 

Dec. 

.38 

(;9 

55 

40 

44 


1   Derive. 1    from  ohservatinns    fnini  .Tiily    I'.liio  to   D.v 'niber  1901    except    ilnring    ■luly,    August 
and  Septeinlier  1902.  and  February.  April  to  .luly  and  September  and  October  19(13. 
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Tlie  al)0\'<'  results  may  also  l)e  collectccl   by  years  and  seasons  us  in 
tlu;  following  table: — 

Addi  Ugri. — Meam  Hklativk  HrMiiuTV  pku  cent. 


Dec. 

Jan. 

Feb. 

March 

April 

May 

Jiiiif 

July 

A.1-. 

Si'pt. 

Ort. 

Xi.V. 

Vear. 

3") 

"~ - 

1 

;58 

"^— -- 

1 

o8 

4!) 

IS'.l'.l 

;{() 

;52 

(U; 

50 

r.Kio 

42 

.'52 

(•.2 

5] 

r.ioj 

40 

.•58 

;")« 

50 

]'.MI2 

;5;5 

24 

51) 

47 

i'.i();5 

•2(\ 

•• 

r,3 

41 

]'.MI4 

1  s;i',i 


Uniny  Sciison.  v 

.)uiie-Seiit('iiil)er.  ( 


;>-J 


11)00 


t;2 


11101 


(10 


liMl2 


l!io:i 


I '.104 


57 


Addi  Ugri  is  the  only  station  where  a  series  of  nieasureineiits  of 
evaporation  has  been  made.  They  are  taken  with  an  evaporiineter 
placed  in  a  meteorological  screen  thus  fairly  representing  a  free  water 
surface  of  small  area.' 


Addi  Ugri.  — ^[ean  hailv  kv.mmiu.viion  in  mm.    lS'.i'.i-r.i04 


Jan. 

Feb. 

Mar. 

April 

G-7 

May 

J  line 

Jiilv 

2-t; 

Aug. 

Sept. 

Oct. 

Xuv. 

Dec. 

Year 

(;•(» 

IM 

7-8 

8-8 

(;-5 

2-1 

4-!) 

4-1) 

5-0 

4-;» 

5-4 

These  figures  would  seem  to  show  that  the  estimate  of  4  mm.  on  lake 
Tsana  from  October  to  May  and  'J  mm.  from  -lune  to  September  is 
fairly  accurati'  though  perha})s  a  little  low.-" 

We  now  come  to  the  most  important  climatic  factor,  the  rainfall 
which  feeds  numerous  tributaries  of  the  lilue  Nile,  Atbara,  Khor  el  ( iash, 
and  Khor  Baraka,  and  furiiislics  the  Xilc  fhiod.  Of  late  vears  infi)rm- 
ation  has  been  greath'  increased;  numerous  travellers  have  [)enetrateil 
into  southern  Abyssinia;  measurements  of  rainfall  since  l,Si»8  are 
availaltle  from  Addis  Abbaba,  and  also  from  several  stations  in  Eritrea. 


1  Tancredi  Boll.  Soc.  fieog.  Ifal.,  Feb.  l';03  and  Boll.  Agric.  Col.  Eritrea,  Sept.  ]00.">. 

2  Diipiiis.  Hcpiirt  on  Liike  Tsana,  in  A  Iteport  on  tlie  Basin  of  tlie  I'ppcr  Nile.  Cairo.  1;I04. 
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First,  however,  tlic  winter  rains  of  the  coast  must  be  excepteil  since 
they  furnisli  nothing'  to  tiie  Xilc  supply,  but  in  describinj;-  the  climate 
of  Abyssinia  they  cannot  hv  wlmliv  omitted.  Assab,  Massaua,  and 
Suakin  arc  typical  stations  and  at  Ginda  on  the  foot  hills  of  the  plateau 
most  of  the  rain  falls  in  winter  though  from  its  proximity  to  the  plateau 
there  is  a  secondary  maxinmm  in  July.  At  Suakin,  Massaua  and  Assab, 
though  there  can  hardly  be  said  to  be  sununer  rains,  in  some  years  a 
small  amount  of  the  rain  falls  in  July  and  August  at  the  time  when 
the  south  westerly  \vin(ls  resich  as  far  as  north  as  Suakin. 

At  the  time  of  the  summer  monsun  the  rain  falls  almost  cxclusi\cly 
in  the  afternoon,  continuing  on  into  the  night  in  the  height  of  the 
rainy  season.  The  mornings  and  forenoons  are  clear,  but  about  midday 
clouds  form  rapidly  and  soon  heavy  masses  of  dark  rainclouds  appear; 
tliunderstorms  are  very  freipient,  accom])anied  by  heav\  rain.  This  is 
the  usual  procedure  of  tropical  rainstorms  in  mountain  districts  and 
is  easily  understood,  since  the  winds  blowing  up  to  the  mountains 
during  the  day  carry  up  the  moist  air  of  the  low  country,  so  that  its 
moisture  condenses  on  the  elevated  plateau. 

The  great  rains  commence  generally  on  the  j)late;iu  in  June  and  end 
before  or  in  October  but  from  April  and  throughout  May  rain  falls 
intermittently  ;  these  are  the  Azmera  or  light  rains.' 

At  Adua  and  in  nearly  all  the  part  of  Tigre  between  the  Mareb 
and  the  Weri  except  the  actual  edge  of  the  plateau  the  rains  commence 
at  noon.  The  ^vind  is  from  tlie  north  and  j)asses  round  to  ^^  XW. 
This  holds  for  all  the  Woina  Dega  ;  at  high  levels,  the  Dega,  the 
rain  is  almost  continuous,  and  the  .season  of  the  rains  begins  ejvrlier 
and  ends  later." 

Coming  to  the  basin  of  the  Abai  and  tho.se  of  the  Takazze,  Settit 
and  the  Mareb,  there  are  measurements  of  the  rainfall  for  several 
places  which  give  a  more  accurate  idea  than  a  verbal  description.  On 
examining  the  average  rainfall  of  Abyssinia  and  the  eastern  i)laiiis  of 
the  Sudan  (see  p.  211)  it  will  be  seen  at  once  that  the  single  rainy 
sea.son  is  clearly  indicated  everywhere.  There  is  however  a  marked 
difference  between  the  eastern  and  western  stations,  the  formei-  have 
some  rain  in  almost  every  month,  though  in  Xovember  and  January 
it  is  small  in  amount,  but  the  latter.  Oondar.  .\dua,  Ro.seires,  Gallaljat, 
(iedaref  and  Kassala  have  an  ab.solutely  rainless  climate  from  the  middle 
of  October  until  the  end  of  April. 


'  Lefebvro,  "  Voy.ige  en  Abjssinie,"  Vol.  III.  p.  S. 
*  Lefebvre.  "Voyage  en  .\hv.<sinie,"  VdI.  III.  |i.  '.'. 
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The  (listril)iiti<)n  of  the  niiiifall  throughout  the  year  in  Al)vssiiii;i  is 
as  follows  : — 

111  .Taiiuiiry  clear  shies  and  dry  rainless  weather  are  the  rule  through- 
out Kafla.  Wallega,  IJciii  Shiuigul,  the  Sudan  plains  ami  most  of  the 
plateau  of  Abyssinia.  In  the  coast  region  the  winter  rains  are  falling 
as  shown  In'  the  observations  at  Assab,  (iinda.  Massaua,  an<l  Suakin, 
while  a  small  but  uniinj)ortant  amount  of  rain  falls  on  the  eastern  crest 
of  the  plateau,  at  Addis  Abbaba,   Ankober,  Magdala,  and  Addi  I'gri. 

In  February  the  same  conditions  are  in  force  except  that  at  Addis 
Abbaba  the  rain  is  heavier. 

In  March  the  light  rains  licgin  in  Katfa  (Gore)  near  the  headwaters 
of  the  Sobat  anfl  oji  the  Wallega  plateau.  At  Addis  Abbaba  the  early 
or  lesser  maximum  occurs. 

In  April  some  rain  falls  in  the  XE.  and  E.  of  the  plateau  of  Abys- 
sinia but  not  yet  on  the  central  and  western  portions.  In  AVallega  and 
Katfa  there  is  rain  from  time  to  time,  and  in  Beui  Shangul  the  lesser 
rains  commence.  The  Dabus  and  Didessa  begin  to  rise,  causiii"-  the 
first  rise  in  the  upper  reaches  of  the  Blue  Xile  at  the  end  of  Ai)ril  or 
early  in  May. 

In  May  the  .southern  rains  in  Kaft'a,  Wallega  and  Beni  Shangul 
increase;  the  first  rains  fall  at  Roseires,  (iallabat,  and  the  other  Sudan 
stations,  and  also  on  the  central  and  western  parts  of  the  Abyssinian 
plateau  north  of  the  Abai.  In  this  month  at  Addis  Abbaba  is  the 
minimum  between  the  earh"  maximum  of  March,  and  the  principal 
maximum  in  August.  All  stations  have  some  rain  in  this  month 
which  is  considered  as  the  beginning  of  the  rainy  season, 

In  June  the  Samhar  ha>  no  rain  Imt  it  falls  heavily  at  all  other 
places  in  Abys.sinia,  and  also  on  the  Sudan  plains  ;  these  condition.s 
continue  throughout  Jul}-  and  August  steadily  increasing  in  strength 
until  the  August  maxinuun   is  reached. 

In  September  there  i.s  a  marked  decrease  in  the  rainfall  generally 
and  by  October  it  has  almost  ceased  excej)t  in  the  southern  provinces 
of  Wallega  and  Katf'a.  In  the  coast  region  the  winter  rains  liegin  in 
this  month. 

In  November  and  December  the  winter  rains  of  the  coast  reach  their 
maximum,  and  the  higher  stations  on  the  eastern  margin  of  the  plateau, 
Addi  I  gri,  Addis  Al)l)aba  etc.  have  a  slight  rainfall.  On  the  Sudan 
plains  dry  .season  conditions  have  set  in  and  also  over  the  Lake  Kudolf 
plains  south  of  Katfa. 

The  most  southern  station  at  which  rainfall  has  been  measured 
is  Addis  Abbaba  where  several  series  of  observations  have  been  made 
Ijut  none  are  altogether  complete. 
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Russian  observations'  exist  for  July  iXOS-JinuiMrv  1S!)0.  June  1900- 
Mixy  H»02,  October  19()L>-Marth  1!)U8  at  Adilis  Al)bal)a  and  for  July- 
Se])teinber  1902  at  Addis  Alem. 

Italian  observations  exist  for  190;i  ami  1904." 

British  observations  exist  for  Feb.  lOOl-Sept.  1902,  July  1903- 
Dee.  1904.' 

French  observations  exist  for  1.S9S.  * 

These  observations  differ  slightly,  but  as  no  descriptions  of  the  rain- 
"•auires  and  their  exposure  are  available  all  the  monthly  totals  are 
iriveu  in  the  followin<r  taMc  and  from  tlicm  mean  niontlilv  valuus  have 
been  derived. 


MOSTHLV  HAIXKAI.I.  IN  MUJ.IMETUKS. 

Addis  Abbaba. — Laritudi-  0   2  .   Lon^ririKlc  3s   4:5  E.   Altituiic  2440  metres. 


Date 

Jan. 

Feb. 
15 

•  • 

Mar. 
105 

April 
73 

May 
41 

JllUf 

121 

.J  Illy 
347 

35(; 

Aii^. 

308 
273 

Sept. 

148 
154 

Oct. 

Xov. 

Ueo. 

Year 

l.S;»Sa)  .. 

8 

•  • 

4 
31 

11 

(1 
0 

1170 

IS'.ti)  r)     . . 

0 

11 

•• 

•• 

•• 

•• 

•  • 

•  • 

■• 

•• 

•• 

•• 

i;ioi)<)  .. 

•  • 

•• 

•• 

•• 

•• 

[108] 

283 

328 

104 

0 

13 

5 

[;»;-5i] 

i:iui/')  .. 

..  e)  .. 
„  d)     .. 

ii; 

■A 
.5.3 

133 
114 

111 
88 

•  • 

35 

212 
232 

•  • 

27(1 

278 

240 
201 

130 
118 

•  ■ 

15 
27 

0 
0 
0 

13 

10 

0 

[1228 
1241 

•  • 

1002/;)  .. 

1 

2 

d 

7.5 
88 
6.5 

r.3 

40 
38 

70 

80 

111 

33 

32 
01 

188 

[15.;] 

23(; 

201 

•  • 

•  • 

184 

•  • 

0 

ii 

'i 

[1147] 

1 '.!(».■}/')   .. 
..  c)     .. 

„  d)  .. 

20 

•• 

•  • 

72 

•  • 

•  • 

101 

2ii2 
27(i 

244 

300 
248 

225 
223 

10 
21 
28 

0 
0 
0 

0 

17 
IS 

[0S4] 

10(14/;)   .. 

0 
0 
0 

40 
43 
20 

171 
110 
12r. 

.5(5 
58 

CC) 
51 

120 
120 

375 
324 

201 

i47 

•  • 

30 

0 

0 

1060 

100.5/-)  .. 

.,  '■)  .. 

.5 

'7 

*48 

■  • 

•• 

•• 

•• 

■  • 

■  ■ 

1 

45 

0 

•  • 

rt)  ^  Ann.  Bnr.  Jleteor.  Cent..   I'aris 
//)  :=  Dr.  AVakeman. 


<■)  =  Nicolas  f'ent.  01)sy. 
J)  =  Italian. 


'  Xicol.is  Central  Observatory,  St.  Peter<l;nr<r. 

'  Furnished  by  tlie  Director  of  the  Meteonilo<;ic;il  Observatory  at  Rome. 

'■>  Made  by  Dr.  Wakenian  of  the  Hritish  .^fienev. 

*  "Annnles  du  Bureau  Meteor.  Cent."  Paris. 
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Meax  values  derived  from  the  above  observations 


1) 

iTE            Jan. 

Feb. 

15 

Mar. 
10") 

April 
73 

May 
41 

June 

121 

July 

Aug. 

290 

Sept. 

1.51 

Ot-e. 

Nov. 

Dec. 

Year 

],s:),s 

.       ..         <S 

18 

10 

0 

11, S4 

l.s;i;i 

.       ..        0 

11 

,    , 

,  , 

•   • 

,  , 

,   , 

,  , 

,  , 

. , 

,  , 

,  , 

rin 

I'.MM) 

.              ■    ■             •    • 

,  , 

,    , 

,  , 

,    , 

1(I.S| 

2s;5 

;52,s 

1114 

0 

];•{ 

5 

[11311 

I'.MIl 

.      ..1(5 

.o4 

124 

KM) 

.4t; 

999 

277 

2.j(l 

12.S 

21 

0 

13 

1241 

\'M)-2 

.      ..       1 

7C) 

4it 

89 

42 

172 

2;ii; 

2111 

1.S4 

0 

11 

1 

1152 

]'.Mi;i 

.      . .    2'.l 

,  , 

72 

,  , 

,  , 

i;)i 

2ti'.i 

21 ;  7 

224 

20 

0 

12 

[1()S41 

]'.|(I4 

.     ..      {) 

37 

m\ 

0( 

r..s 

124 

:m 

201 

147 

a; 

0 

0 

lUC 

r.Mi.-, 

.0 

7 

4S 
Si) 

«() 

44 

l.if) 

2'M 

•• 

•• 

1 

14 

45 
11 

0 

[11  ii;] 

Mom. 

.      ..       S 

:v^ 

271 

171 

4 

]  1 75 

Addis  Alem.— Latitu.lo  'X  (/.     .Altitiido  234S  metres. 


\).\-IE 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

X..V. 

Dec. 

Year 

VMd-l)     .. 

142 

205 

1C>7 

1.30 

17 

0 

40 

.,    r)     .. 

•  • 

,    , 

,    , 

,  , 

,   , 

,  , 

174 

Kit; 

14(» 

, , 

,  , 

,  , 

11103(0     .. 

33 

25 

1)4 

88 

2{\f<, 

Rainy  days. 
Ankober. — Latitude  '/-  35   N.    Altitmle  2500  metre.-: 


Ii.\Ti-: 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aufr. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

1,S41..      .. 
1842..      .. 

•  • 
0 

■7 

'4 

ii 

"i 

,s 

28 

■2i\ 

13 

4 

4 

0 

•    • 

Magdala.— Liuitude  IT  23'  N.     Altitude  27t'iO  metres. 


Date 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

An;;. 

Sept. 

Oct. 

Xov. 

Dec. 

Year 

ISlIC,..      .. 

23 

27 

7 

9 

0 

1 

IStu..      .. 

ii 

1 

10 

2 

,3 

,) 

22 

24 

<t 

9 

0 

0 

,  , 

l.Sl'.S..      .. 

2 

8 

9 

3 

•  • 

•  • 

'  • 

•  • 
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Monthly  kainkall  in  millimetkks. 

Gondar.— LiitituJo  12°  i-JC'  N.     Altitude  i;)()4  metres. 


Date 

Jan. 

Fcl,. 

Mill-. 

April 

May 
(■)•.» 

June 

Kl'.l 

•luly 

2.")(; 

Au^^ 

Sept. 

Oct. 
0 

X(>v. 
(1 

IVr. 
II 

Vi'iir 

177(i..      .. 

72 

['.lor 

1771..      .. 

,  , 

(■)(; 

r.i'> 

;ji<) 

;-524 

12!) 

,  . 

.  . 

;i(;4 

is;is..     .. 

•• 

•• 

•• 

•• 

•• 

•• 

;-5()4 

;5!t.s 

los 

'.'2 

['.1(12 

Intetshau.-Lutittule  14°  20'  N. 


Date 

.Ian. 

Fel.. 

Mill-. 

April 

May 

.June 

.July 

An-. 

Sept. 

Oct. 

Nov. 

Dim-. 

Yi-ar 

1S41..      .. 

(1 

0 

(t 

;i7 

('>S 

74 

.•5112 

177 

i2(; 

(t 

0 

II 

7S4 

Adua.— Latitude  14°  \'>'     Altitude  IDli)  uietres. 


Date 

.Jan. 

Vfh. 

Mar. 

April 

May 

June 

July 

2;-$(; 

AufT. 

Sept.    0(-t. 

Nov. 

De,-. 

Year 

LS42..      .. 

•• 

■• 

•• 

•• 

'>l 

2«'.» 

20;  • 

d') 

•• 

•• 

M.'jO 

Addj    UgTi.— Latitude  14°  5;r  N.    Lonj^itude  ;-{S°  4!t' P].    Altitude  2022  metro- 


Date 

.Jan. 

l--eli. 

Jlar. 

April 

May 

.Inni- 

.Inly 

An-. 

Sept. 

Oit. 

Nciv. 

Dei-. 

Year 

1,S'.I4.     .. 

Did 

50 

it;5 

25S 

i;s 

0 

1; 

1 

[iwSl 

IS'.).").      .. 

1) 

11 

i;5 

25 

11 

SI 

l.V.i 

140 

I) 

0 

0 

s 

4  IS 

IS'.l'.l.      .. 

0 

0 

(» 

2t; 

■M 

44 

ii'.i 

(•)2 

15 

s 

.) 

s 

.•!2 1 

r.iiiii .    . . 

0 

(1 

41 

5 

42 

i);5 

20S 

147 

i;4 

I) 

0 

25 

i;25 

IDIll.     .. 

1 

0 

7 

.-52 

10 

;54 

I2;i 

2:10 

;57 

0 

10 

0 

.544 

]'.1(12.      .. 

0 

2'> 

IC. 

27 

;io 

7(; 

1S2 

I'.ll 

;{4 

;-{5 

•M 

0 

i;.')0 

I'.tii;'..    .. 

0 

1 

IS 

i; 

4 

Cio 

112 

221; 

45 

2 

2 

0 

1.50 

r.ioi .    . 

0 

0 

1 

,  , 

,  , 

101 

i;5s 

111 

v, 

1 

0 

0 

|;;7i| 

I'.MI.').      . 

0 

15 

ll 

IS 

70 

5S 

224 

isi; 

51; 

;5'.i 

24 

0 

I'.'.i'.i 

Menu 

0 

0 

1.^ 

2(t 

42 

CA] 

157 

170 

37 

10 

•) 

5 

544 

■  — ^ 
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Asmara.— l>;ititiHlc  l.V'  20'  N.   Altihi.le  2:572  metres. 


Date 

J;in. 

I'-.'l,. 

Mar. 

April 

Mny 

.June 

July 

A.i-. 

4(i 

Sept. 

Oct. 

Xuv. 

Dec. 

\'.,-.ir 

i.s;)4 .     . . 

mil 

M 

A 

••!'.l 

W.l") .      . . 

;•{() 

•• 

•• 

•• 

•• 

il 

I'.IOl  .      .. 

.. 

1  :ioi .    . . 

,    , 

,    , 

2<S 

10 

;i!; 

.•!2 

];!i; 

11(» 

10 

.% 

I'.KI.").      .. 

;j 

;5 

2t; 

•  • 

;t;{ 

;»;) 

117 

2") 

•• 

•• 

]\Io:iii 

1 

;! 

It; 

22 

(17 

52 

112 

Si 

23 

;5o 

2!l 

;i 

IIS 

Ghenafena.— Litituilo   14°  4S' N.     Lon;.itiiile  ;}!1°  1' E.    Altihule   IC.-JI  nietr.^s. 


Hate 

.Ian. 

I-eb. 

M.-ir. 

April 

1 

10 

May 

i;} 

.Iiine 

lit 
47 

3;! 

•Tilly 

111 

1411 

73 

111 

An;;. 

201) 
HO 

i3i; 

14;-. 

Sept. 

3(; 

3 
72 

37 

Oct. 

s 

Nov. 

l)(V. 

Vrar 

i9o;i.    .. 

0 

u 

0 
0 

[471)' 

i;t04 .    . . 

I'.K),")  .     .. 

•• 

•    • 

•• 

M.M.i      .. 

i'l 

.54 

[•■s'.u] 

Halai.— L 

ititiK 

le  1;V 

0'  N 

.    Altitiiile 

2.")i;.-) 

metres. 

Date 

.Jan, 

F.-l). 

.\Iiir. 

April 

May 

.Jinic 

.Inly 

An-. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

181)4  .      . . 

•• 

•• 

•• 

(13 

If) 

114 

1.54 

4 

2 

Ci 

•• 

[3.-i.S] 

iteren. — 1 

iatitiiile  1.' 

•'  4i;'. 

Altituilc 

I4t;ti 

metres. 

Date 

Jan, 
•  • 

Feb. 

Mar. 

April 

May 

June 

Jnly 

AuK- 

Sept. 

35 

Oct. 

Xov. 

0 

Dee. 

Vcar 

ISDO     .. 

[37] 

LSD!      . . 

0 

0 

1 

21 

13 

34 

,)/ 

174 

(■)(*. 

0 

4 

370 

LSDi'     .. 

0 

0 

0 

4 

8 

14 

101 

234 

81) 

3 

0 

45t; 

l.Sl)3     . . 

1 

0 

'•• 

2 

21 

.  , 

47 

ii;2 

103 

,  , 

0 

[345] 

181)4     . . 

0 

15 

0 

1 

C 

172 

111) 

.  • 

1(;8 

0 

0 

[4811 

181)5     . . 

0 

0 

2(; 

2 

1) 

78 
25 

20(; 
lot; 

201 ; 

107 

iVM) 

•  • 

3!  K 1 

11 

71) 

5 
2 

35 

t; 

0 
0 

1  ■'()() 

i8'jt;    . . 

0 
0 

0 

Mean.. 

3 

2 

(131) 

In  18(51  irom  .Inly  23  to  September  22,  464  luin.  of  ruin  fell.' 


'  V.  Heugliu  "lleise  in  Abessinieii."  Gera,  1874,  p.  K'4. 


Suakin.— I.aiitiidi"  1'.'   ;V  N.     I.(iii;:iliule  37°  20'  E.    Altitiido  *»  nietns 


Tate 

Jan. 

Fi'b. 

2 

M:ii-. 
0 

April 

1 

May 
(1 

Jii:ic 
II 

.Inly 

2 

Aug. 

2.') 

Sept. 

O.t. 

;5n 

Nov. 
40 

Y«:.i- 

18!M)     . . 

ricc] 

IS'.tl      .  . 

;-s 

0 

2 

:i 

II 

II 

11 

11 

;> 

112 

18 

14;{ 
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It  has  been  maintained  '  tliat  wa  liave  no  idea  liuw  heavy  the  Abys- 
sinian rainfall  may  be  in  year  when   it  furnishes  a   high   Nile  flood. 


1  Willcocks,  Geog.  .Jour.  December,  1'.I0.">.  p.  (JSS. 
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lint  tliou^li  actual  ineasuiTil  raiiilall  in  such  a  ycai'  is  not  available 
we  know  from  observations  of  the  river  le\cls  at  Aswan  and  tlischareres 
at  Khartoum,  tliat  the  volume  of  the  Nile  flood  varies  from  about 
1*2G  to  O'Gii  of  a  mean  flood.  Since  this  is  the  run-off  of  the 
Ab\.ssinian  tableland,  the  ranjie  of  the  rainfall  on  it  will  be  some- 
what less  since  the  ratio  of  run-off  to  rainfall  is  less  in  a  very  drv 
year  and  gretitcr  in  a  \ci-y  wot  year  than  in  one  of  average  precipita- 
tion. 

The  mean  amount  of  rain  is  shown  below  though  the  totals  caiuiot 
be  considered  as  accurate  determinations,  since  oidy  2  or  3  \ejirs 
observations  at  most  stations  are  available  :  moreover  there  are  no 
observations  oi  the  amount  which  falls  an\-  j)oint  south  of  Addis 
Abbal)a  and  the  Abai  except  Nasser  and  Ganibela.  Seeing  tliat  here 
the  rainy  season  begins  earlierand  ends  later  than  further  to  the  north, 
perhaps  it  may  be  fairly  assumed  that  the  rainfall  of  the  southern 
part  of  the   tableland  may  reach  1500-1800  millimetres  per  aniuun. 

Mean  monthly  Kaikfali,  in  milumetues. 
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*   I'ruhiibly  t m  hisili  a  mean  value  due  to  (130  uiiii.  haviiif;  fallt'ii  in  Aug.  ls;i5. 


While  on  the  plateau  round  Addis  Abbaba  the  mean  annual  rainfall 
amounts  to  1300  millimetres,  to  the  north  of  the  Abai  in  (iojam,  and 
on  the  C'hok  plateau  it  must  rise  to  1,")00  millimetres;  on  the  Gondar 
plain  up  to  the  Takazze  it  is  1000  millimetres,  and  more  on  the  Simien 
mountains,  and  to  the  north  of  this  7")0  milliinetivs  until  the  basin  of 
the  Mareb  is  entered  for  which  about  .")00  milliinetivs  mav  l)e  estimated. 
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On  the'  Sudiiii  plains  the  lira\  lost  nunrall  is  at  tlioso  jilaccs  noarost  to 
tlie  h[\]»  where  it  amounts  to  (lOO-'OO  nnllinietres  falling  to  400  and 
300  millimetres  for  the  more  wcsteni  oi-  northerly  stations. 

If  now  we  take  the  most  rcliahle  stations  for  the  summer  rainfall, 
while  admittinj^  that  they  furnish  very  inade(|uate  data,  it  is  possilile 
however  to  ""ain  a  wneral  idea  of  the  distrihution  of  the  rainfall  from 
A])ril  to  September  ;  from  this  an  estimate  can  be  formed  of  the 
prolialile  loss  of  water  or  diminution  of  the  Hood  volume  li\'  the  dry 
intervals  whieh  frecjiieiitK'  occur,  and  ai'e  shown  li\-  a  rapid  fall  in  the 
river  gauges. 

Mean  Uainiai.t.  in  thk  Uainv  Skasox  in  mili.imktues. 
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Thus  a  deficiency  equal  to  the  average  raiid'all  of  ten  days  in  August 
woidd  reiUice  the  amount  of  water  flowing  to  the  Nile  by  al)out  11  % 
of  the  summer  flood  while  same  dry  period  in  June  would  oidy  affect 
it  by  about  4%.  These  shortages  will  be  shown  very  markedly  at  the 
upper  river  gauges  while  further  down  stream  they  will  merely  flatten 
the  curve  of  the  year's  gauge  readings. 

A  maxinuun  Hood  is  about  double  the  volume  of  a  minimum  flood 
and  a  somewhat  similar  relation  must  hold  between  the  rainfalls  of 
such  j-ears ;  but  at  present  the  data  are  too  scanty  to  enable  us  to 
trace  such  a  relation  satisfactorily.  In  the  following  tables  it  will 
ba  seen  that  there  is  little  difference  in  the  rainfall  measured  at  Addis 
Abbaba  l)etween  1901  a  rather  low  Hood  year,  and  190:2  which  was 
an  extremely  bad  year.  Addi  Ugri  shows  the  variation  better  since 
the  fall  in  1899  was  partictdarly  small  and  that  of  1894  very  large  ; 
Keren  does  not  shcnv  the  variation  well  and  at  Ginda  the  winter  rains 
are  nuich  heavier  than  the  sununer  rains.  Siiakin  shows  it  also  to 
some  extent  since  only  in  years  of  good  rainfall  does  any  reach  that 
place  in  the  summer  months. 
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Thus  from  the  meagre  rainfall  data  at  our  disposal  it  is  iinpossihlc 
to  trace  satisfactorily  the  eifect  in  the  floods  of  the  corresponding 
years  since  the  stations  having  records  are  so  few. 

Lake  Tsana. — During  the  last  130  years  Lake  Tsana  has  been 
visited  l)y  several  travellers,  and  from  their  descriptions  a  fairly  complete 
account  of  the  lake  and  its  shores  can  be  com[)il('d. 

Bruce  ^  describes  the  northern,  eastern  and  southern  shores  of  the 
lake  as  well  as  the  source  of  the  Abai  river  and  the  cataract  of  Alata. 

Rii])peir'  left  Gondar  in  February  INoo  and  travelled  along  the 
eastern  shore  to  the  Abai  river  where  he  visited  the  Alata  or  Tis  Esat 
cataract,  and  in  March  retiu'ued  by  the  same  road  to  (jrondar. 

In  January  1838  Combes  and  Tamisier '  crossed  the  Abai  at  the 
bridge  of  Alata  and  a  few  days  later  travelled  from  Debra  Tabor  to 
Gondar  thus  skirting  tlie  NE.  corner  of  tin-  lake. 

Plowdeu  ^  between  1843  and  1847  visited  at  various  times  the 
southern  portion  of  the  lake  and  also  the  river  Abai. 

Dr.  C.  T.  Beke  •'  visited  in  1842-3  the  sources  of  the  i-ivcr  Al):ii 
as  Avell  as  the  two  bridges  which  span  it  below  the  lake. 

^'on  Heuglin  °  in  1853  left  Metemma  ((jallabat)  in  January  and 
reached  the  north  shore  of  the  lake  in  10  days;  thence  he  went  north- 
wards to  (londar  and  to  Entshakal)  in  the  Simien  province,  returning 
later  to  the  lake.  After  camping  on  its  northern  shore  for  some 
days,  he  followed  it  westward  as  far  as  the  southern  limits  of  the 
district  of  Dagossa,  where  he  turned  west  and  returned  to  Metennna 
b}'  the  Anaho  road. 

In  February  1862'  von  Heuglin  was  again  at  Gondar,  and  leaving 
if  travelled  to  Debra  Tabor  round  the  north-east  corner  of  the  lake ; 
in  May  he  returned  to  the  northern  shore  by  the  same  road,  and 
thence  to  Gallabat.  In  September  Gameron  and  Baron  A.  d'Ablaing 
travelled  from  Gondar  along  the  western  shore  to  Debra  ^[ai  in  north 
Gojam. 

In  18G.5  Blanc*  went  in  December  with  H.  Iiassam'  from  Metennna 
(Gallabat)   to  the  Damot  district  of  southern  Gojam,  to  obtain   the 

1  Travels  to  discover  the  snurces  of  the  Nile  in  17(iS-73.  Vol.  V.,  p.  104  and  p.  307. 

-  ■■  Reisc  in  Ahessinien,"  Frankfurt.  1S40. 

3  "  Voyage  en  Ahyssinie."   I'aris.  1SH8. 

*  Ahyssinia  and  the  Galla  Conntrv,  I.onilon.  lSfi8, 

r-  Journal.  K.  Geo?.  Soc.  vols.  .XII.  XIII.  XIV. 

6  ••  Ueise  nach  .-Vbe.-ssinien,"  (iotlia.  lS."i7. 

"  ••  Ki'ise  nach  Ahessinien,"  Gem,  1874. 

'  Xarnitive  of  Captivity  in  AhyR.sinia,  also  .lour.  15.  Oeop;.  Soc.  ISfiO. 

'  Xarmtive  of  the  British  Mission  to  Theodore,  London.  ISOD. 
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release  of  the  Europeans  imprisoned  by  King  Theodore.  He  reached 
Gojaon  the  west  shore  of  the  lake  by  the  usual  road,  then  after  following 
the  shore  soutliwards  for  about  half  its  length,  turiuid  inland  ;  sub- 
sequently he  visited  the  source  of  the  river  Abai  and  also  the  southern 
part  of  the  lake. 

In  ISSl  (i.  Kohlfs'  reached  Dcbra  Tabor,  .")()  kilometres  east  of  the 
hike  in  Feltruary,  and  then  travelled  to  (iondar  having  skirted  the 
iiorth-fastcrn  angle  of  the  lake.  Stecker,  who  was  accompanying 
liohlfs,  went  to  Koratsa  and  the  southern  extremity  of  the  lake  ; 
Icavin":  this  he  visited  the  river  Abai  where  it  leaves  the  lake  and  made 
an  almost  complete  circuit  of  lake  Tsana.  Having  tra\'elled  round  tlu' 
east,  north  and  western  shores,  he  was  stopped  at  the  mouth  of  the 
Abai  where  it  enters  the  lake,  and  was  obliged  to  return  to  Debra 
Taljor  passing  round  by  the  north.  A  few  days  later  he  returned 
to  Koratsa  and  examined  the  jwninsula  of  Zegi,  Ijetween  the  incoming 
and  outflowing  Abai  streams.  In  the  two  and  a  half  months  so 
spent  he  made  a  careful  survey  of  the  lake  and  took  a  large  number 
of  observations  for  latitude,  azimuth,  and  altitude,  besides  meteoro- 
logical obser\ations.  Unfortn nattily  only  a  part  of  these  ever  reached 
(iermany  and  these  were  published,  together  with  a  map  on  the  scale 

nf  I 

A.  d'Abbadie  about  1840-4")  took  meteorologiail  observations  at 
various  places  in  Al^vssinia,  and  also  visited  the  Abai  ri\er  and  its 
source    as   well    as    Lake    Tsana. 

Lake  Tsana'  is  approximately  rectangular  in  shape,  being  about  (iO 
kilometres  from  east  to  west  and  50  kilometres  from  north  to  south, 
while  a  small  bay  about  20  kilometres  by  10  on  the  southern  side 
contains  the  outflow  of  the  lake,  the  river  .Vbai. 

It  lies  in  a  comparatively  shallow  depression  aijoiit  17.").")  metres 
above  sea  le\'el,  from  which  on  all  sides  the  country  rises  gentl}'  to 
2000  metres  and  then  more  rapidly  to  2.")00  metres  ami  in  plac(;s  to 
8000  metres  in  the  heights  which  enclose  the  Tsana  b;i>in.  The  hill 
masses  and  ])lateaux  which  limit  the  basin  are  : — 

On  the  north,  the  plateau  and  hills  of  Wogera  district  behind  (Jon- 
dar,  rising  to  3000  metres. 

On  the  east,  the  nari'ow  ridge  of  the  hills  of  IJegemeder  district 
rising  to  3000  metres  and  separating  the  Tsana  basin  from  that  of  the 


1  "  Meine  Mission  nach  Abessinien." 
5  Mitt.  d.  Afrik.  fiesell.  in  Dciitscliland,  III.  i. 

3  K(ir  the  most  recent  and  <o:ii|ilet''  description,   see  Du[iuis  in  A   I!<-|piirt  on  tlie  liasiii  of  tlie 
Upper  Nile  Cairo,  1904. 
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Takazzc  i-i\er.  This  rido-c  bends  to  the  south  and  culminates  in  Mount 
Guna  (4:^00  metres),  tlie  western  spurs  of  which  form  the  water 
parting  between  the  lake  ar,d  the  Abai  river.  South  of  the  lake,  the 
northern  >pui's  of  tiie  Chok  plateau,  which  rises  to  over  4000  metres, 
divide  the  drainaj^e  of  the  Abai  river  from  that  of  the  upper  Abai 
which  falls  into  the  lake:  tlie  western  spurs  divide  the  upper  Aljai 
from  the  P)ir,  the  Tattam,  the  Durra  and  other  lar<^e  streams  wliicli 
flow  southwards  to  join  the  Abai  south  of  (!ojam.  On  the  west,  a 
ridge  of  hills,  unexplored  for  the  most  part,  divides  the  lake  basin  from 
the  headwaters  of  the  Dindtu-,  the  Kahad  and  the  Atbara. 

The  approximate  area  of  the  catchment  basin  is  17,000  square  kilo- 
metres, of  which  the  area  of  the  lake  is  about  8000.  Its  perimeter  is 
about  2()0  kilometres. 

The  depth  of  the  southern  half  of  the  lake  varies  from  30  to  70 
metres,  and  the  northern  half  is  Ix'lieved  to  be  rather  dee[)er;  the  yearly 
range  of  the  water  level  is  from  1"^,")  to  1'75  metres. 

The  altitude  of  the  water-surface,  1755  metres  above  sea  level,  has 
Ijeeii  deduced  from  a  series  of  barometric  oljsei'vatioiis  taken  by  Stecker 
and  Kohlfs  in  18S1. 

The  supplv  of  tlie  lake  is  mainly  fiuMiished  by  the  following 
streams  : — 

Upper  Aliai ( )ii  the  sotitli. 

1  >(Miii;i     I 

Ma.uctsli On  tlic  iiDi-tli. 

Guiiiara I 

l^cl. ...      j 

(Juiiiai'a  (a  ililViTcnt,  one) Oiitheeast 

(Jclda      * 

The  only  (itHuent  is  the  Abai  at  the  southern  e.xtrt'inity  of  tlu;  lake. 

The  Dembea  district,  which  contains  the  ancient  capital,  Gondar, 
extends  from  the  Wogera  plateau,  norih  of  that  town  to  the  shores  of 
the  lake.  It  is  on  the  Avhole  an  undulating  expanse  of  country  sloping 
gradually  to  the  lake,  very  fertile,  and  is  usually  described  ;is  one  of 
the  richest  provinces  of  Amhara.  It  is  watered  by  numerous  streams 
flowing  from  the  Walli  l)al)l)a  range  on  the  west,  and  by  the  three 
rivers,  the  Dirma,  which  rises  in  the  hills  to  the  N.W.  of  Gondar,  the 
Magetsh,  with  its  sources  in  the  hills  inunediately  north  of  Gondar, 
and  the  Gumara  which  rises  to  the  N.E.  of  the  lake  and  forms  the 
boundary  between  Dembea  and  Begemeder.  The  southern  portion  of 
the  district  is  quite  level  with  the  exception  of  the  hilly  promontory 
of  Gorgora  (S.l.'iO  metres)  and  is  described  l)v  von   Heiiglin  as  being 
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used  for  pasturage  only,  except  near  tlie  town  of  Chelga  on  tlic  west, 
Muusero  on  the  east,  and  near  Gondar  wlu-re  the  land  is  cultivated. 

At  Chelga  are  the  beds  of  lignite  mentioned  by  von  Heuglin  and 
others  ;  these  have  recently  been  examined  by  Barron  l)ut  they  do  not 
seem  to  be  of  much  economic  importance. 

The  promontory  of  Gorgoi-a'  is  composed  of  crystalline  rocks 
(.schists)  on  which  lie  sandstones  similar  to  those  which  occur  at 
Chelga  (to  the  N.W.)  ;  clear  remains  of  a  large  lava  flow  which  could 
be  traced  to  the  lake  as  well  as  ancient  eruptive  cones  are  also  mentioned. 

Begemeder  is  a  large  district  which  seems  to  occupy  about  40 
kilometres  of  the  eastern  shore  of  the  lake  between  the  (northern) 
Gumara  river  and  the  river  Reb.  To  the  east  it  extends  under  the 
Begemeder  hill  range  up  the  valley  drained  by  the  river  Reb  as  far  as 
Debra  Tabor  a  small  district  at  the  foot  of  the  Guna  mountain. 

At  the  northern  end  of  the  district  the  spurs  of  the  hills  eomi^  close 
to  the  shore  of  the  lake,  and  masses  of  ancient  vcjlcanic  rocks  with  the 
remains  of  former  craters  are  often  seen.  Several  Nillages  lie  here  near 
the  lake  in  small  fertile  valleys. 

The  streams  which  here  How  into  the  lake  are  al)out  6  metres  wide 
and  0-;^  metre  deep  at  the  fords.  The  principal  road  from  Gondar  to 
the  east  and  south-east  of  Abyssinia  leads  up  the  valley  of  the  Reb"  to 
Debra  Tabor.  This  vallej-  is  fertile  and  ec[uable  in  climate,  and  the 
Reb,  which  has  cut  a  deepchainiel  in  the  rich  alluvial  soil,  flows  slowly 
to  the  lake  throughout  the  year  between  almost  vertical  banks.  The 
low  land  near  the  lake  through  which  the  Keb  and  (southern)  Gumara 
rivers  flow  is  flooded  in  the  rainy  season.  Du})uis  found  the  volume 
discharged  l)y  them  in  the  dry  season  to  be  very  small. 

Fogara  district  includes  the  area  south  of  the  Reb  which  is  drained 
by  the  (southern)  Gumara  river.  ''  Close  to  the  lake  the  land  is  low 
and  flat,  and  is  Hooded  anmiallv.  Highei-  u[)  the  Gumara  the  country 
rises  fairly  rajjidly  and  the  river  flows  between  higli  volcanic  cliffs  of 
porphyry  and  trachyte.  Hot  springs  exist  at  Wansage  20  kilometres 
U])  the  valley,  and  are  much  frequented. 

Dera  district  of  which  the  principal  town  is  Koratsa,  the  largest  on 
the  lake,  lies  south  of  the  Gumara,  and  both  this  district  and  the  next 
Afferavanet  are  hilly,  the  central  hill  mass  rising  to  over  2000  metres. 

Inunediateh'  south  of  Koratsa  the  river  Gelda  3  metres  wide  2  metres 
deep  Hows  steadily  to  lake.  In  rains  it  rises  to  10  metres  deep  (Riippell). 


'  Steekpr  loc.  cit. 

*  The  Rel)  wlipip  the  Koratsa  ro.iil  crosses  it  wa.s  50ft.  wide  and  .'Sift,  doip  in  Fi'liniary  (IliipppU). 
3  'I'hr  (iiiinara  whiTr  thi'  Koratsa  road  crossfis  it  was  oOft.  wide  and  4J  ft.  ilrrji  in    KrlH'Uary 
(Uiippcll). 
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Leaving  the  description  of  the  Aljjii  itself  till  later,  the  next  district 
is  Mietsha  which  extends  to  the  upper  Ahai.  This  part  has  been  hut 
little  visited  and  aceciunts  of  it  are  uiea<:re.  It  is  said  to  he  fertile, 
the  lower  parts  near  the  valley  of  the  upper  Ahai  being  flooded  in  the 
rainy  season. 

Abaidar  through  which  the  Upj^er  Abai  flows  towards  the  lake  is 
fertile  and  wooded,  l)ut  subject  to  Hoods  in  the  lower  ])art.  Since  the 
sources  of  the  Abai  lie  on  the  flanks  of  the  Gojani  plateau  this  river 
rises  earlier  rhaii  the  others  which  How  into  the  lake,  as  in  Gojani  the 
rains  begin  l)efore  they  do  in  Amhara. 

Wendio'e,  Alefa.  and  Dagossa,  the  western  districts  appear  to  l)e  hilly 
rising  rapidly  westwards  up  to  the  Walli  Dabba  and  Atshefer  mountain 
rano-es  which  separate  Abvssinia  from  the  Sudan.  The  hills  come 
down  to  the  lake  at  many  ])oiuts,  and  agriculture  is  confined  to  the 
\alleys  between  the  spurs.  In  the  rainy  season  these  are  flooded  and 
a  road  further  inland  has  to  be  followed. 

A  road  from  Faniaka,  by  the  Kienien  Hills,  and  another  from  Dunkur 
are  said  to  lead  from  these  western  districts  to  the  Sudan  but  they 
iiave  not  yet  been  mapped.  There  are  few  villages  in  this  part  and 
the  inhabitants  seem  always  to  have  had  a  bad  character  for  robbery 
and  violence.  The  most  frequented  road  to  the  Sudan  is  that  from 
N.W.  corner  of  the  lake  to  Wohne  and  Gallabat  l)y  the  valley  of 
the  r>uhveha  River;  another  longer  road  leads  from  Alefa  district  to 
Anaho,  Ambo  and  so  to  Metemma.  ' 

The  Abai  River. — Tlje  Al)ai  river  consists  of  two  portions.  The 
upper  reach  is  approximatel}-  200-250  kilometres  long  from  its  source 
at  Mount  Giesh  at  the  western  end  of  the  Cliok  plateau  near  Sakala, 
to  the  point  at  which  it  falls  into  the  lake.  The  source  has  been 
described  by  Bruce,  d'Abbadie,  Plowden,  and  Beke,  as  well  as  by  the 
earlier  Portugese  travellers  in  the  countr\'  and  at  a  short  distance  down 
stream  the  Abai  is  said  to  Ite  4  metres  wide,  0'20  metre  deep  and 
flowing  6  kilometres  an  hour.  At  1.")  kilometres  from  the  source 
lilanc  found  it  in  January  lU  metres  wide,  (l'(i  to  0"9  metre  deep  and 
haviu"'  banks  3  metres  hiffh. 

The  land  where  it  flows  into  tin-  lake  is  flooded  in  the  rains  and  this 
may  be  the  explanation  of  Bruce's  estimated  width  of  2000  ft.  where 
it  enters  the  lake.  Stecker  gives  the  channel  at  its  mouth  in  ^lay  ISSl 
as  10  metres  wide. 

1  v. Ill  liriiL'liii.  is:,:.'. 
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Diipuis'  visitt"!  it  in  Fi't)riiury  190H  and  crossing  it  at  a  |)i>iiit  several 
kilometres  above  its  junction  with  tlio  lake  found  it  to  l)e  a  fine- 
looking  stream  with  a  well-defined  section  80  metres  wide  and  not  less 
tlian  4  metres  dee]>.  The  valley  was  about  loOO  metres  wid<' and  was 
said  to  be  flooded  for  three  nmnrhs  in  the  rainy  season.  He  estiniate(l 
the  discharge  as  iibont  !)  cubic  metres  per  sccoikL 

The  How  of  the  water  from  the  upper  Abai  is  said  to  lie  plainly 
visible  between  Dek  island  and  the  promontory  of  /egi.  The  seciond 
portion  of  Abai  leaves  the  lake  at  its  southern  extremity  and  Hows  in 
a  south-easterly  direction.  The  width  of  the  Al)ai  wiiei-e  it  leaves  the 
lake  is  given  by  Stecker  as  100  metres  wide  and  <S  metres  dee])  in  the 
centre,  but  no  velocity  is  given;  this  was  in  A))ril. 

A.  d'Abbadie  quoted  by  Kliklen  gives  it  as  200  metres  wide  3  metres 
deep,  and  a  velocity  of  (SOO  metres  ])er  iiour  or  ()"222  metre  per  second. 

From  this  point  tlu;  river  flows  between  somewhat  hilly  shores, 
while  several  small  islands  occur  at  intervals.  At  Woreb  G  kilometres 
from  the  actual  junction  with  the  lake,  these  so  increase  as  to  be 
described  as  forming  ra[iids  ;  soon  after  this  the  river  bed  gradually 
narrows  until  the  river  rushes  through  tlie  narrow  cleft  in  the  rock  just 
below  the  Falls  and  Cataract  of  Tis  Fsat  or  Alata.  This  has  been  visited 
and  described  by  Jh'ucc,  I{ii[)pell,  ISeke  and  d'Abbadie.  Tiu;  bridge  of 
Alata  is  f  hours  march  from  where  the  ri\-er  of  that  name  falls  into 
the  Abai.  The  bridge  which  spans  the  v'wcr  at  a  short  distance  below 
the  falls  was  constructed  by  the  Portugese  and  is  built  of  basalt  with 
the  arches  filled  in  with  small  dressed  sandstone  blocks  ;  it  consists  oi. 
one  arch  which  spans  the  river,  and  seven  or  eight  other  arches  on  the 
western  or  Mietsha  side.  The  main  arch  is  25  ft.  in  s])an  and  is  built 
on  and  into  the  solid  rock  on  either  side.  The  roadway  is  15  feet  wide 
including  the  parapet  which  was  originally  2  feet  high.  The  riv<!r 
runs  with  great  violence  through  a  dcc[)  gorge  or  fissure  more  than  (JO 
feet  deep  and  often  not  more  than  12  to  15  feet  wide,  in  an  nnliroken 
line  of  foaming  cascades.  In  the  rainy  season  this  whole  gorge  is  not 
only  filled  with  water,  but  the  river  overflows  to  a  considi'rable  extent 
the  right  bank  which  is  covered  with  great,  rounded  boulders  of  basalt 
derived  from  the  hills  which  lie  directly  on  the  banks  on  either  side 
and  are  formed  of  volcanic  rock  masses  partly  overgrown  with  trees.  ^ 
About  oO  metres  up-stretun  of  the  falls  the  upper  edges  of  the  gorge 
a])proach  till  thev  are  only  ?>  metres  a])art. 


1  I,oc.  cit..  p.  13. 
*  Ruppell  loe.  cit. 
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For  ii  (lUiirtor  of  an  hour's  walk  up-sstreain  this  series  of  falls  and 
rapids  coiitiiiues  up  to  tlie  waterfall  itself,  where  the  river  plnnji-es  down 
12  metres  iii  a  cloud  of  mist  and  spray,  liruce  says  the  river  at  the 
falls  was  half  a  mile  wide  when  swollen  by  rains,  but  this  seems  exces- 
sive. 

Above  the  fall  tlie  river  is  described  as  "gliding  through  a  fine  grassy 
plain  between  a  line  of  dark  foliage  on  either  bank,  its  smooth  surface 
being  disturbed  by  oul}-  a  few  rip])les,  for  so  ai)pear  in  the  distance 
some  slight  rapids."  A  ridge  of  rock  crosses  it  at  the  head  of  the  fall 
and  over  this  it  plunges  down  into  the  gorge  below. 

About  50  kilometres  down-sti-cam  of  this  bridge  of  Alata  is  another 
bridge  now  broken,  called  the  Andabit  bridge  or  sometimes  the  lIp[H'r 
bridge  while  that  of  Alata  is  called  the  Lower. 

It  is  built  of  rough  stones  and  lime,  while  the  arches  are  turned 
in  large  flat  bricks.  The  bridge  formerly  carried  a  roadway  -4  metres 
wide  and  had  no  parapet.  It  has  nine  arches  of  which  one  18  metres 
wide  spans  the  river,  of  the  rest  five  are  on  the  east  or  Begemeder  side, 
and  three  on  the  west  or  Gojam  side.  The  fall  from  the  lake  to  this 
point  is  said  to  be  415  metres,  or  on  the  average  fi  metres  pei-  kilometre 
including  the  falls. 

D'Abbadie's  data  for  the  ri\er  Abai,  200  metres  wide,  3  metres  deep, 
velocity  800  metres  per  hour,  give  a  discharge  in  the  dry  season  of  135 
cubic  metres 2)er  second  which  seems  too  large.  Dupuis'  has  described 
the  course  of  the  Abai  from  the  lake  to  the  Tis  Esat-Cataract  in  detail 
and  by  measurement  fouml  the  discharge  from  the  lake  to  be  42  cubic 
metres  per  second  on  Jaiuiary  31,  1!)03. 

Riippell  states  that  the  gorge  runs  full  in  the  middU'  of  the  rainy 
season  and  Dupuis'  section  shows  the  same,  so  a  large  volume  nuist  be 
discharged  at  this  season. 

Though  some  travellers  have  considered  the  Didessa  to  In'  tlu'  true 
up])er  course  of  the  Blue  Nile,  and  the  Abai  to  bi'  a  tributary  only - 
it  is  to-day  generally  agreed  that  the  source  of  the  Blue  Nile  is  where 
the  Abai  takes  its  rise.  Data  concerning  the  width,  depth,  and  \elocity 
of  these  rivers  are  scarce  but  a  few  measurements  are  given  by  travellers 
^\'ho  have  traversed  the  countr}'. 

Rochet''  at  the  end  of  October  1839  fouml  Aliai  justabove  its  junction 
with  tlu^  ^luger  river  to  l)e  3  to  4  metres  <\vv\)  and  (id  to  "(I  metres  wide. 


'  III  A  Ri'iiort  tlie  B;isin  of  tli.-  ITpiuT  NMi>.  I'airn.  I'.lol,  p.  i:i  uinl    I'hin  XII«.  ;t. 

»  ll'Abliiiilii-  B.S.G.  Oct.  ISCO,  p.  2'M. 

3  ••  Viiyii^'i'  ilmis  If  piiys  d'AdiO  el  K'  l{(iy;iiiiiu'  ili'  Sclioa."  I'liris  I.S41,  p.  17:i. 
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At  tilt!  end  of  May  l<S4li  lu'kc'  visited  a  crossing  place  on  the  Abai, 
Melka  Furi,  Avhere  he  found  the  river  50  metres  wide,  and  !•"»  metres 
deep.  He  gives  the  latitude  of  this  point  as  9^  o4'  40"  N.  Here 
the  valley  sides  descend  in  two  steps  of  which  the  up[)er  is  nearly  iJOO 
metres  in  height.  At  Melka  Kuki  further  down-stream  ihc'  i-ivcr  was 
about  70  metres  wide. 

Cecchi-  founil  the  Al)ai  a  river  .'iOO  metres  wide  with  a  rocky  Ih'(1, 
and  flowing  as  a  muddy  rapid  torrent  in  September  LS.SO  just  below 
the  point  where  the  (Juder  joins  it.  At  this  point  the  ri\er  was 
flowing  at  an  altitude  of  990  metres  in  tiie  Iwttom  of  a  deep  trough 
cut  in  a  plateau  i4M0  metres  above  sea  level  the  left  bank  rising  to 
this  level  in  a  distance  of  10'7  kilometres  and  the  right  bank  in  40 
kilometres  the  top  of  the  valley  lu'ing  .")0  kilometres  from  side  to  side.'' 

An  instructive  section  of  the  Abai  valley  is  given  l)y  Stecker,'  who 
cros.sed  it  at  the  ford  called  Jeketal  Melka  ( 90.S  metres)  about  12  kilo- 
metres down-stream  of  the  (iu<ler  river.  The  south  side  of  the  valley 
consists  of  the  high  j)lateau  (Dega)  capped  by  a  considerable  thickness 
of  ba.salt,  under  which  is  a  bed  of  bright-coloured  clavs  which  in  their 
turn  overlie  a  considerable  thickness  of  red  sandstone;  below  this  are 
the  clay.slates  and  crystalline  schists  of  an  older  series.  On  the  north 
side  is  the  .sandstone  down  to  the  river  level  so  that  the  Abai  seems  here 
to  have  cut  out  its  valley  along  a  line  of  fault.  The  river  on  May  11. 
1882  was  2  metres  deep  and  12  metres  wide  and  flowing  rapidly  but 
in  flood  it  is  15  metres  deep  and  about  80  metres  wide.  Two  terraces 
one  on  the  crystalline  scliists,  and  the  other  halfway  up  the  sandstone 
are  well  marked. 

Lower  down  (8(15  metres  above  sea-level)  d'Abbadie^  on  April  9, 
1844  found  it  55  metres  wide  I'o  metres  deep  and  flowing  at  the  rate 
of  from  5  to  6  kilometres  an  hour,  r39  to  TUG  metres  |  er  second; 
this  would  be  equivalent  to  a  discharge  of  about  100  cubic  metres  per 
second. 

The  tribut^aries  of  the  Abai  and  151  tie  Nile  are  very  munerous,  and 
only  the  more  importiint  ones  can  Ik;  mentioned  here.  On  the  left  bank 
the  first  of  any  size  is  the  Bashilo  river  which  rises  near  the  eastern 
escarpment  to  the  south  of  Magdala  at  an  altitude  of  about  ;^)500  metres, 
at  the  foot  of    Kollo  mountain  which   reaches  an   altitude  of  4200 


'  .Tour.  R.  Geog.  Soc.  Vol.  XII 

«  Cecchi.  -'Da  Zeila  alle  fi-uiiticie  del  CiilVa."  llcjiiic,  1S87.  Vol.  II,  p.  :iG7. 
3  Cecchi.  Vol.  Ill,  Plate  8. 

*  IVt.  Mitt.  ISDl,  p.  233.     (See  I'late   XX1I«.   4    iqiroiluci'il    with   the   kJTul   periiiissiiiii   of  the 
Kilitor  of  I'eteniianns  Geofiraphischf'  Mittciluiii.'en.) 
j  "Oliservatioiis  relatives  ;\  la  ph\>iiiiie  dii  (ilohe,"  ]i.  11,  I'aris.  I.S73. 
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meh-es  ;  from  liore  it  flows  nortliwarrls  and  then  soiith-westwarrls  to 
join  tlie  Abai  or  l>Iue  Nile.  Von  Heuglin'  crossed  this  river  and  its 
triljutary  the  Jidda  in  March  1(SG2.  He  describes  the  valley  of  the  latter 
as  beinj^  about  750  metres  deep,  cut  down  in  two  almost  perpendicular 
ste|)s  throuo-h  the  basalt  which  is  markedly  columnar  ;  at  the  foot  of  the 
second  was  the  river  bed  150  metres  wide,  in  which  three  branches  of 
the  stream  then  flowed  about  half  a  metre  deej).  The  bed  of  the  IJasliilo, 
at  the  botton  of  a  similar  ravine,  was  100  metres  wide  in  which  a 
stream  25  metres  wide  and  0-7  metre  deep  was  flowing  rapidly .- 

The  next  important  stream  is  the  Jamma,  which  rises  near  Ankober 
and  drains  a  large  part  of  Shoa:  from  where  it  joins  the  Abai,  the 
united  streams  turn  south-west,  having  at  this  point  a  width  of  60  to 
70  metres  and  a  depth  of  3  or  4  metres,  according  to  Rochet;''  the 
dinger  rises  to  the  north  of  Addis  Abbaba  and  joins  the  Abai  a  little 
south  of  lat.  10^  N.  ;  the  (iuder  rises  on  the  north  side  of  the  Roo-cre 
mountains,  Avhich  divide  its  basin  from  that  of  the  Omo  and  the 
Hawasli.  After  these  comes  the  Didessa,  which  is  the  most  important 
tributary  of  the  Blue  Xile.  Rising  somewhat  south  of  lat.  8°  N.  and 
near  the  headwaters  of  the  Baro,  it  flows  northwards  to  the  Abai, 
which  it  meets  just  south  of  lat.  10°  X.,  and  in  about  long.  35M0'  E.  * 

Michel'  crossed  it  at  two  points  high  up,  one  59  kilometres  below 
the  ford  opposite  Mount  Deka,  to  the  west  of  Bilo,  and  the  other  at  the 
ford.  On  June  12,  1.S97,  it  was  110  metres  wide,  of  which  40  metres 
was  the  main  channel  having  a  depth  of  3"35  metres,  while  the  depth 
outside  the  cliannel  was  1  metre.  The  velocity  was  1'30  metre  per 
second,  so  that  the  discharge  was  about  110  cubic  metres  per  second. 
It  had  commenced  to  rise  on  May  25,  and  fell  from  October  10  ;  the 
water  was  turbid  and  red  in  colour. 

At  the  second  place  a  more  detailed  section  was  taken  on  September 
13,  1897. 
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This  gives  a  sectional  area  of  392  square  metres,  and  this  with  a  mean 
velocity  of  1"80  metre  per  second  corresponds  to  a  discharge  of  about 


1  "lleise  nnch  Ahossinien."    Gem,  1871,  pp.  318.  332. 

»  The  .liildii  is  dry  before  the  rains,  Pet  Mitt.,  18ij8,  p.  31.5. 

•*  V(in   Klodeii,  "  Stroinsysteui  des  oberen  Nil,"  p.  202.  Herlin,  18.")K. 

<  Weld  IJlundell,  lieo^'.  .lour..  Miirch,  I'JOO.     Hughe*  I.e  Roux.  "  Meiielik  et  nous."  Paris,  1901. 

^  "Vers  Fathoda."  p.  .537.     Paris,  li'iXI. 


rOOcii!)i(' nietros  per  socoml.  At  tliis  season  its  \;illey  was  Hoodetl  to  a 
depth  of  ()()  ceiiliinetres.  At  the  begiiiniii;^  oi"  April,  LSD.S,  the  Didessa 
at  this  same  place  was  only  45   nietrcs  wide  and  0"4o  metre  deej). 

These  measurements  were  all  tsikeii  before  the  Anjnr  joins  it,  so  that 
they  must  be  below  the  total  amount  which  it  carries  to  the  Abai  and 
its  vohune  in  flood  may  j)robably  be  taken  as  about  1000  cul)ic  metres 
per  second.  In  its  early  rise,  long  flood  period,  and  late  fall,  the 
Didessa  is,  in  its  regimen,  very  like  the  Sobat,  near  the  headwaters  of 
which  it  rises,  though  it  has  no  wide  flooded  plains,  like  those  of  the 
Pibor,  to  delay  its  fall. 

As  this  part  of  the  course  of  the  ]>lue  Nile  has  been  little  visited, 
I  give  a  description  of  it  from  the  Didessa  junction  to  Famaka,  for 
which  I  am  indebted  to  Mr.  A.  Ha}-,  who  was  recently  for  some  time 
in  this  part  of  the  country. 

•'rlust  about  2  miles  ahove  its  juncti(jn  with  the  Didessa  river,  the 
Blue  Nile  emerges  from  a  high  gorge  in  a  range  of  mountains.  At  the 
end  of  the  hills  there  is  a  shallow,  rocky,  gravel-l)ottomed  rapid,  and 
here  the  river,  hitherto  rumiing  almost  due  north,  makes  a  sharp  bend 
to  due  west.  At  the  end  of  this  stretch,  which  is  about  a  mile  long,  the 
Didessa  joins  the  Abai  and  appears  to  come  in  on  a  course  similar  to 
that  which  the  Blue  Nile  now  assumes  after  another  sharp  bend  to 
north-west.  The  Didessa  is  very  rocky,  and  full  of  ra{)ids  just  above 
the  confluence.  The  Blue  Nile  now  travels  about  10^  west  of  north  to 
due  west.  At  the  top  of  this  stretch  there  is  a  regular  cataract.  This 
course  is  maintained  generally  down  to  the  confluence  of  the  Durra 
river,  which  comes  from  a  course  slightly  north  of  east,  and  at  the  end 
of  March  the  Durra  carries  about  3  cubic  metres  per  second. ' 

"  From  the  confluence  of  the  Didessa  with  the  Blue  Nile  down  to 
the  Durra  river,  I  I'cckon  it  is  approximately  23  miles.  There  are 
frequent  rapids  on  this  stretch  of  river,  and  one  particularly  deep  gorge 
just  above  a  very  large  sandy  khor. 

"  From  the  Durra  river  to  tlu'  Gojal)ba  river,  wliicli  in  dry  weather 
is  a  succession  of  2)Ools,  is  ai)proximately  15  miles.  Due  west  of 
Gojabba  river,  and  about  2  miles  from  the  left  bank  of  the  Blue  Nile, 
stands  Mount  Gumbi,  and  5  miles  fm-ther  is  the  village  of  Yinil)i.  In 
this  stretch  of  river  there  are  not  so  many  rapiils,  altliougli  a  few  of 
them  are  very  long  ones,  and  the  bed  of  the  river  is  made  up  of  gravel- 
banks,  deposited  on  rocks. 

"  "Wamboro  i)lateau  lies  in  lat.  10^2'  N.,  and  about  S  miles  north- 
east of  the  Blue  Nile. 


'  The  letter  smi.vb  "per  iiiiiiute,"  l)iit  this  would  iiiiiki-  tlic-  How  iihiiust  iiTi|iiT(-i-|.tililc 
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"From  G(ijal)l);i  river  to  Ahu  Tiiubolior  is  iipproxiiiiatoly  30  miles, 
iiiid  the  geiierul  direction  of  the  river  is  2(f  west  of  north.  About  a 
mile  Ijelow  (iojiililiii  isa  heavy  catfiract,  and  after  this,  with  the  exception 
of  one  rapid,  it  entei's  a  rocky  gorge,  1)Ut  is  fleep  suid  flows  quietly 
aloiiii".  \\'iu'ii  it  reaches  the  head  of  Ahu  Timhohor's  villages,  it  makes 
a  sharp  hend  due  west  for  aI)out  3  kilometres,  and  then  resumes  a 
course  of  12^  west  of  north,  enclosing  an  island  of  300  acres. 

"  Opposite  Ahu  Timhohor's  head  village  is  a  large  mountiiin  (name 
unkKown)  al)i)ut  3  kilometres  north-west  of  the  confluence  of  the 
Dahus  ri\er  witli  the  Blue  Nile.  About  2i  kilometres  away  to  the  east 
lie  the  Gum  Gum  mountains. 

"  From  Abu  Timbohor  to  Yaring  is  a  distance  of  approximately  50 
kilnmetres,  and  the  course  of  the  river  is  12°  west  of  north.  Tiiere  aiv 
fewer  rajiids,  and  the  river  i.s  rather  gorgy  all  the  way. 

"  The  Bellus  (Bolassa)  river  joins  the  Blue  Xile  al)our  11  kilometres 
above  Yaring,  which  is  about  3  kilometres  further  up  the  ri\er  than 
P)ambok's  village." 

The  river  called  Bolassa,  or  Yesien,'  was  visited  by  Schuver  in 
May,  1(S82,  when  he  marched  along  the  last  49  kilometres  of  it  until  it 
joined  the  ]')lue  Xile.  He  describes  this  last  permanent  tributarv  of 
the  ]51ue  Xile,  as  a  line  winding  stream  of  clear  water  which  tlicii 
(May  20)  was  at  its  lowest,  and  without  a  perceptible  current  It  la}' 
between  high  banks  of  grey  granite.  On  May  22  l(ScS2  the  river  began 
to  rise  and  the  water  to  become  muddy,  while  the  Blue  Xile  water  had 
become  so  earlier. 

The  next  tributiuy  after  the  Didessa  on  the  left  bank  is  the  Dabus, 
or  Y'abus,  which  rises  in  the  Beni  Shangul  hills,  and.  flowing  north- 
wards, joins  the  Abai  where  it  leaves  the  Abyssinian  mountains  and 
turns  northwards  towards  Famaka.  Weld  Blundell-'  descril)es  it  as  a 
tine  ri\er  Howiug  in  a  deep  valley  between  hills  ().")0  metres  high;  it 
was  about  200  metres  wide  and  1  metre  deep  when  he  crossed  it  in 
lat.  10°  13'  X.  at  the  beginning  of  May,  1899. 

The  Tumat  joins  the  I'llue  Xile  0  kilometres  down-stream  nf  Famak.i. 
It  has  been  described  incorrectly  as  carrying  watei-  throughout  the 
year,''  but  Schuver  describes  seeing  the  first  water  of  the  flood  come 
down  its  bed  near  Jebel  Ghezan,  on  the  road  from  Famaka  to  Beni 
Shangul,  in  lat.  10°  45'  X.,  at  the  end  of  May,  1881.'     Marno"  states 

1  Schuver,  Pet.  Mitt.,  Ergauz.  72.  p.  79.     Ooth:i,  1SS3. 

2  (Jeng.  Jour.,  I'JOO.  p.  :U. 

3  Uull.  Soc.  Oeof:.,  184;!.  1'.),  p.  SI!). 

*  •■Itrist'ii  in  obercn  Nilgubiet,"  IV-t,  Mitt.,  Erg^iiif.  72,  p.  1.     U(«tli:i,  1SS3. 
^    I'.t.  Mitt.,  187:i,  p.  2.-.O. 
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tliiit  in  the  dry  season  waU'r  may  everywluTc  )x'  found  in  the  river-bed 
at  a  short  ilistance  from  the  surface.  All  these  larger  tributaries  must 
bring  down  a  large  volume  in  the  rainy  season,  and  most  of  them 
contribute  a  certain  amount  throughout  the  low  stage  of  the  Blue  Nile 
also,  so  that  the  .supply  in  the  months  of  the  spring  and  the  early 
summer  dej)ends  on  them  and  the  Abai  itself.  As  the  Al)ai  was  found 
by  Dupuis'  on  January  3],  1903,  to  be  discharging  only  12  euljic  metres 
per  second  where  it  left  Lake  Tsana,  the  winter  and  spring  supjih'  of 
the  l>lue  Nile  must  come  mainly  from  its  ti'ibutaries.  In  marked  dis- 
tinction to  the  left-bank  tributaries  are  those  of  the  right  bank  ;  with 
a  steep  slope  and  a  short  course,  they  are  torrential  in  character,  and 
rise  and  fall  rapidly,  but  after  the  rainy  season,  soon  fall  to  very  small 
dimensions.  The  Rahad  and  Dindei-  which  rise  in  the  western  foothills 
of  A])yssinia,  and  flow  north-west  to  join  the  Blue  Nile  above  and  below 
Wad  ^ledani  respectively,  are  larger  streams,  and  are  (if  importance 
when  in  flood. 

Pruyssenaere"  measured  the  discharge  of  l)oth  of  tiiese,  as  well  as  of 
the  Blue  Nile  at  Karkoj  in  1864,  at  highest  flood,  ami  gives  the  follow- 
ing values  : — 


Disi-li:irp'. 


BJiio  Nile  (Kiukoi)  .. 
J)in(lcr(W()l(l  Al)v:i(l) 
IJaliM.l  (Wol.l  !<:.<)■     .. 


Wi.itli 

MenniU'ptli 

Sfctidiiiil 
:irfii 

Mean 
velocity. 

in. 

in. 

iir^ 

111.  |i.  ». 

4:i.')-o 

7-l(» 

.•ioss 

I'lKI 

](•.;{•  4 

4-;").S 

74(; 

1  •'.!() 

K\-2 

;i-i4 

■2C,1 

-"0.5 

tri^   p.  s. 

,58(;7 

14,54 

.5;J.5 


In  1S(J4  the  Diiider  was  flowing  with  a  feeble  current  on  February 
1<S,  and  soon  afterwards  ceased  to  flow.''  They  both  rise  about  the  end 
of  May  or  the  beginning  of  June.  There  are  no  gauges  on  either  of 
these  rivers,  so  no  more  recent  data  are  available. 

The  right-bank  tributaries  therefore  contribute  very  little  to  the  low- 
stage  supply  ;  they  have  for  the  most  jiart,  not  only  smaller  catchment 
basins,  but  a  shorter  rainy  season.  The  left-bank  tributaries  draining 
Slioa,  Wallega,  and  northern  Kaifa  hav(>  larger  basins  and  longer  rains, 
so  that  if  the  Septeml)er  and  October  rains  are  above  the  average,  these 
streams  will  su[)ply  a  larger  volume  to  the  Nile  at  low  stage,  as  also 
will  the  Sobat,  and,  as  has  already  been  mentioned,  these  are  the 
determining  factors  of  the  low-stage  su})ply. 


1  Report  upon  Lnke  Tsana,  p.  lU  (in  A  report  on  the  Basin  nf  tin'  Vpprr  Xili).  Calni.  r.ill. 
'  Pet.  Mitt.,   Ersranz.  .51,  1877,  p.  4."). 

•■"  The  Dinder  is  not  a  perennial   stream,  as  state  !  in  Scot.  Cieog.  Majr..  UIO-I,  p.  JM).  exeept  ]icar  its 
bource. 


o 


LLl 


_l 
QQ 


09 

c: 
« 


Wad   Medtni  1  1 

/ 

,/ 

/ 

/ 

J 

,x 

^^ 

k 

-| 

^^ 

^^ 

e 

< 

/ 

3 
O 

/ 

c 

03 

< 

fi- 
ll) 

-^J 

y 

b^ 

r 

at 

c 

^ 

5 

'^~- 

^ 

"^^ 

1 

1 

E 

o 

*                           r 

1 

1 

a   Hrtinl  *  Btnnif 


/ 

/ 

' 

/ 

/ 

1 

' 

r 

' 

/ 

/ 

/ 

/ 

~1 

/ 

y 

/ 

• 

( 

^ 

< 

f 

/ 

,- 

— *r" 

^ 

V 

r 

^ 

^ 

-i^ 

. 

.5^^ 

-=r 

^ 

i 

E 

< 

sj 

■r 

I 

3 

/ 

« 

r1 

3     ^ 

\ 

J 

< 

Z 

3-    E 

H 

^3 

/ 

>    -o 

^i" 

^ 

p.i 

I 

. 

^ 

s 

.^s^ 

^ 

<~\ 

< 

— ^ 

~" 

-^ 

^ 

/> 

^ 

■■^^ 

1    -5 

^ 

^ 

"N   " 

_^__^ 

r 

^ 

^ 

"-> 

< 

^ 

s 

<— 

-1 

"> 

^ 

<■ 

> 

i 

7 

^ 

> 

~^ 

-^ 

/ 

1 

{ 

/ 

/ 

( 

/ 

/ 

/ 

) 

\ 

/ 

\ 

y 

i 

1 

/ 

/ 

) 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

} 

^ 

■    / 

/ 

1 

1 

y 

/ 

/ 

—  225  — 

On  leaving  the  Abyssinian  Hills  the  Blue  Nile,  as  the  Abai  is  now 
called,  turns  westwards  as  far  us  Famakaaiid  then  takes  uj)  the  n-eneralh' 
north-west  direction  wliich  it  keeps  till  Khartoum  is  reached.  Just 
below  Roseires,  where  the  river  ceases  to  be  navigable  for  steamers, 
it  is  400  metres  wide  at  low  stage  and  (JOO  in  flood,  varying  from 
these  dimensions  to  2o0  metres  in  j)articnlarly  narrow  jjlaces.  The 
banks  are  usually  (5  to  8  metres  above  the  flood  le\el  on  tiie  eroding 
side,  the  other  being  more  shelving  and  often  flooded  at  high  Xilc. 
Islands  are  connnon  but  none  of  theni  arc  large,  few  being  more  than 
a  kilometre  long.  From  lake  Tsana  to  the  western  frontier  of  Abvssinia 
the  course  of  tlie  Abai  has,  as  we  have  seen,  been  determined  bv  the 
rocks  through  which  it  has  cut  its  way,  faults,  jointing,  harder  beds, 
and  other  such  conditions  having  had  full  effect.  Now  the  river  opens 
out  on  to  an  alluvial  plain  of  comparatively  low  slope,  the  fall  from 
Roseires  to  Wad  Medani  liein";  52  metres  at  low  stajic  while  the 
straight  line  distance  is  297  kilometres  and  by  the  river  4lin  kilometres 
corresponding  to  slopes  of  1  in  5,660  and  1  in  8,300  ; '  here  with 
no  rock  walls  to  confine  it,  curves  begin  to  f(jrm  and  these  soon  increase 
to  typical  meanders. 

These  curves  prol)al>ly  move  but  slowly  but  that  they  do  nio\e  is 
clear  from  the  fact  that  the  eroding  bank  has  usually  forest  uj)  to  the 
edge,  while  on  the  other  shore  where  deposit  is  fciking  place,  is  first  a 
sand  bank  and  above  it  a  slope  with  grass  and  shrubs  but  on  which 
large  trees  have  not  yet  grown.^  This  meandering  on  the  ])lainsis  even 
more  strongly  shown  by  the  Dinder  and  Rahad  (see  Plate  XXN  I).' 
These  streams  rising  in  the  western  mountains  of  Abyssinia  pour  down 
in  flood  heavily  laden  with  detritus  a  part  of  which  is  deposited  in 
their  beds  whei'e  the  velocity  is  reduced,  and  the  effect  of  this  is  well 
seen  east  of  Sennar  where  the  Rahad  and  Dinder  have  so  raised  their 
beds  that  their  flood  waters  overflow  the  plains  between  them,  and 
drainage  lines  join  the  two  valleys  ;  these  rivers  finally  join  the  l>hie 
Nile  below  and  alx)ve  AVad  Medani  respectivelv.  Bevond  this  point  the 
river  runs  through  a  belt  of  country  about  5  kilometres  wiile  in  which 
grow  thornbush  and  similar  plants,  and  the  river  moves  from  side  to  side 
as  the  erosion  of  its  bends  proceeds.  From  Wad  Medani  to  Khartoum  the 
Nile  falls  about  15  metres  in  a  distance  of  206  kilometres  corresponding 
to  a  slope  of  1  in  13,500;  the  river  is  wider  and  less  sharply  curved,  and 
flows  in  a  well  defined  valley  ;  finally  it  turns  abruptly  westwards  and 

1  See  p.  22f.. 

'  Note  by  Mr.  J.  I,  Craig  in  Xiivi-ml)rr  I'.l  il. 

'  Ri<i«ce<l  fniiii  Sheet  55.  0  of  Maii  U8'J  scale.  1  :  2J0.IKXI.  Toik").'.  Seitioii  lien.  StalV. 
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meets  the  White  Nile  at  riglit  angles  (Plate  XXIII).  Tlie  Bine  Nile 
like  the  Athara  and  to  a  certain  extent  tlie  Kahad,  Dinder  and  Sohat 
flows  in  a  deep-eut  well-defined  section  (Plate  XXII/^.)  and  does  not 
overflow  its  banks  but  is  at  some  distance  below  them  even  in  flood. 
While  the  Sobat  carries  but  little  matter  in  suspension  the  Blue  Nile  anil 
the  Atbara  are  heavily  silt-laden  especially  the  latter,  and  it  is  only  the 
heavy  rains  on  the  Abyssinian  tal)l(>land  which  by  rapidly  increasing 
their  volume  enable  tiiein  to  carry  their  load  without  raising  their  beds 
and  forming  inundated  Hood  plains,  exce2)t  in  the  case  of  the  portion 
of  tlie  Kaliad  and  Dinder  alread\'  mentioned. 

Conse((ueiitly  natural  cm])ankinents  are  not  being  built  uj)  by  de])Osi- 
tion  on  either  bank,  and  the  plain,  in  which  the  P>iue  Nile  flows,  slopes 
gently  uj)wards  from  its  banks  to  the  watershed  between  it  and  the 
next  main  drainage  line. 

Until  a  much  more  accurate  knowledge  of  the  to[)ography  of  Abys- 
sinia is  attained,  the  length  of  the  lilue  Nile  can  only  be  approximately 
determined.  The  following  table  gives  the  length  and  slope  of  several 
reaches  but  not  till  down-stream  of  Roseires  can  the  ilata  be  considered 
as  of  any  accuracy. 


IMacn 


Soiiroo 

Lnk(^  Ts;nin 

Alula  Hri(l;r<' 

JuiR'tion  with  Didcssa 

Ifosciros 

8oiiiiar 

^yaa  M.-dani 

Khartoum  ^ 


Iiist;uicc 


240 

;5()i) 

2S7 
14() 
ioc. 


I)ist;iii<*e    from 
Lake  TsatiJi 


;52 

.')'.)2 

IISS 

i;i;i4 

l.-)4(l 


Altitiiilc 

above  sea  level 

m, 

Ilk 

•  • 

i'^'.i -:)-)■> 

40.)  MW-' 

;5S7-42' 

:-572-12' 

Sliipe  1  metre  in 


S,.5O0 
S.OOO' 

i;{,.'>oo 


Although  the  flood  of  1903  was  not  a  high  one,  indeed  in  volume 
it  was  11^  short  of  a  normal  flood  (p.  231)  and  its  maximum  height 
at  Aswan  was  IH  centimetres  below  the  average,  still  some  of  the 
velocities  which  were  measured  in  the  Blue  Nile  were  considerable; 
the  highest  mean  velocity  of  'J'Tdi)  metres  per  second  was  recorded  on 
August  21  and  on  that  day  the  maximum  velocity  at  {\,  depth  from  the 
surface  was  3'41.S  metres  per  second.  Wire  sounding  ap])aratus  was 
not  at  the  time  available,  and  a  thin  line  with  a  Ki  lb.  (7'2.")  kilogr.) 
weight  was  used,   so  that  it  was  difficult  during  the  highest    flood  to 


'  Tliis  slope  iippeai-s  to  lie  too  steep  for  the  miilille  i-eaeh  in  which  the  river  meanilers  (rreatly. 

2  The  zero  of  the  Kliiirlouin  gauge  is  taken  as  being  3700  metres  above  sea-level. 

3  These  altitudes  refer  to  the  water  surface  on  1.12.05. 


PLATE  XXV. 


Fit/.  1. 


i!Ub   ill 
to. 000 


Discharge  of  the  Blue  Nile  at  Khartoum 


6000 
5000 
4000 
3000 
2000 
TOOO 


UAV. 

J  UN. 

JUL. 

1905 

Aim.  «Rp. 

OCT. 

NOV. 

DKC. 

JAN. 

FKB. 

HAK. 

Al-H. 

HAY 

1*03 
JVit.  JDL 

AUO 

8RP. 

OCT. 

wov. 

DKC. 

1004 
JAN 

1  . 

^ 

evb.n 

■ ; 

M 

M 

8O0O 

~ 

1 

TOOO 

'    '■ 

1^ 

' 

■ 

I  ;  1 

i 

eooo 

J 

1 

r 

\ 

1 

V 

ll 

■ 

i 

8000 

I 

■l 

L 

A 

L 

d 

1^ 

1 

^^ 

^^^ 

^     i 

fc_, 

0 

Fiff.  2. 


Discharge  of  the  White  Nile  at  Duelm 


rtiii.  in. 
JAN    ptrafe. 

9000 


FiiJ.  ^. 


Approximate  discharge  curve  for  the  Blue  Nile  at  Khartoum 

8  M.  3  M.  4  M.  S  M. 


evb.  m. 
T  M.  Vr  trc. 
10.OO0 


SUHVF.V   DEPT. 


VXX   3TAJ9 


•  CI  totr  ""■  I  fftt«i 

ti[.*>3m   TOK  TK*  ^xn   o-j*   jTt   im   T»«  ■^*  .ii*K  .«o  ml} /»•«  TO*  Tw    ^«i'  n^t  jtn  wry. 


<L  T»ir  «f»  )i»ii  wra  .iuil.9afl  -'ok 


V>0    ^ifai    »*t#     ,ftn  .ffm  .T*K 


T" 


ensure  the  line  being  truly  vertical  as  it  was  carried  (lounstrciuii  by 
the  current  in  the  deeper  ])arts  of  the  section.  Every  care  was  taken 
and  the  results  seem  to  be  satisfactory.  On  Plate  XXVII  the  mean 
de])th  on  May  9  1902  is  plotted  as  coinci(hng  with  the  gauge  reailing 
at  Khartoum'  on  that  date,  and  on  eacli  subsequent  date  that  a 
discharge  was  measured  the  rise  or  fall  of  the  mean  depth  is  shown  by 
the  dotted  line.  If  neither  deposit  nor  erosion  takes  place  ami  soundings 
are  corz'ect  the  mean  depth  and  the  ijau'fe  readinifs  slxnild  chaiiyfe 
concordantly  ^  except  during  rapid  changes  of  level,  as  then  the  mean 
depth  of  the  section  corresponds  to  a  time  several  hours  after  the  gauge 
was  read  since  it  is  observed  only  once  a  day  at  S  a.m.  As  the  line  of 
the  section  was  changed  on  May  :^<S,  19(J3  the  mean  depth  of  that  date 
is  also  plotted  to  coincide  with  tlie  gauge  reading  of  that  date.  If  now 
the  mean  depth  line  on  Plate  XXVII  rises  above  the  gauge  readings 
line  either  the  soundings  have  given  too  large  results  or  the  river  has 
deepened  its  section  ;  if  it  passes  below  the  gauge  readings  line  the 
river  has  deposited  material  and  the  section  has  become  shallower. 

Taking  the  year  1902,  a  slight  filling  of  the  section  took  place  early 
in  the  flood  which  soon  after  was  corrected  by  erosion ;  shortly  before 
the  maximum  height  was  reached  a  marked  deposition  took  place 
followed  by  erosion  which  restored  original  conditions  and  immediately 
after  the  maximum  considerable  deposition  again  occurred  which  material 
was  to  a  great  extent  removed  about  the  end  of  December.  This  was 
a  year  of  exceptionally  low  flood  (see  p.  231)  and  the  mean  velocity  of 
the  Blue  Xile  at  Khartoum  never  rose  above  1"745  metres  per  second. 

In  1908  when  the  flood  was  a  better  one  and  the  maxinunn  mean 
velocity  at  Khartoum  was  60  per  cent,  above  that  of  the  previous  }ear, 
there  was  a  very  different  condition  of  affairs.  It  is  unfortunate  that 
the  sections  are  not  identical  but  the  establishment  of  tlie  buildings 
of  the  Sudan  Development  Company  necessitated  using  a  new  section 
84S  metres  down-stream  of  the  former  one. 

In  this  year  the  short  rise  of  -lune  17  caused  a  slight  scour  which 
the  following  fall  refilled,  l)ut  scour  recommenced  with  the  quick  rise 
of  the  first  ten  days  of  August,  only  to  be  succeeded  by  a  well  marked 
period  of  deposition  lasting  for  about  ten  days  from  the  time  when 
the  rate  of  rise  appreciably  moderated,  and  agreement  between  gauge 
and  mean  depth  values  is  not  reached  until  September  4.  It  is  notice- 
able that   this   period    when   the  mean   depth    wa,s   surprisingly   low 

1  The  gaiijie  is  about  1'25  kilometres  bi/low  tlie  line  of  section. 

'  Striitly  true  of  a  retUmgular  section  but  that  of  the  Blue  Nile  approximates  to  this  fairly  well, 
Hue  riate  XXIIIA. 
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included  the  four  hijj^hest  values  of  the  mean  velocity  so  that  if  the 
soundings  were  too  large  on  account  of  the  velocit}'  of  the  current,  the 
real  deposit  was  even  greater  than  that  dcduce(l  above.  This  period 
of  deposition  agrees  closely  with  that  of  I'.M):^  in  occuring  when  the 
ra])id  rise  of  the  river  is  moderating  and  the  inaxiiutnn  gauge  reading 
is  a])])r()acliing. 

Jnnuediately  after  the  niaxinunn  stage  of  tlie  flood  was  past  erosion 
of  the  section  commenced  and  the  divergence  of  the  two  curves  reached 
a  niaxinmm  (2  metres)  on  September  25  wliicli  was  not  reduced  to 
small  dimensions  until  the  end  of  October.  During  this  period  the 
mean  velocity  varied  from  l'S7i)  nu'tres  per  second  to  0"'J4.")  which 
certainly  caused  no  serious  diflficulty  in  sounding,  so  that  there  was 
actually  considerable  erosion  as  the  river  fell  from  its  niaxinnun  height 
which  was  balanced  by  deposition  later.  In  this  year  it  would  seem 
that  by  the  end  of  the  year  the  bed  of  the  Blue  Nile  near  Khartoum 
Avas  distinctly  higher  tlian  twelve  months  before. 

It  may  be  that  the  mean  depths  when  the  \elocity  was  highest  are 
somewhat  too  large  but  this  cannot  be  proved  so  that  it  is  preferable  to 
use  the  figures  as  they  stand,  since  they  appear  to  be  relialile. 

In  1902  and  1903  a  series  of  discharges  of  fhi'  lilue  Nile  were  mea- 
sured at  a  point  about  5  kilometres  up-stream  of  Khartoum.'  Velocities 
were  measured  by  means  of  a  Price's  current  meter  and  were  deter- 
mined at  points  45-50  metres  ajiart  along  the  section,  wliile  soundings 
were  taken  every  15  or  1()  metres.  The  distances  were  measured  along 
a  hawser  stretched  across  the  river  by  means  of  which  a  boat  was  passed 
across  ;  these  distiuices  were  subsequently  corrected  to  agri'e  with  the 
known  width  of  the  section.   The  results  are  given  in  the  following  table. 

Bi.uK  Nile. 
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1  See  tteport  on  the  baitin  of  the  Pppci-  Nile,  Appendix.  V.,  p.  45,  Cairo,  1904,  for  measiirenient:f 
made  before  tin.--  date,  see  Chap.  VII. 
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From  the  weekly  discharges  the  mean  discliarge  per  second  can 
be  readily  ol)tained  for  successive  o  day  periods  and  these  are  given  in 
th;'  following  ttxUe,  together  with  the  toUxl  volume  discharged  during 
each  such  period. 
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GAUGE  READINGS  AND  MEAN  DEPTH  OF  THE 
BLUE  NILE  AT  KHARTOUM. 
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July       1-  T)     .. 
(;-l()     .. 

„     ii^ir,   .. 

„       lf.-2()  .. 

.,       21-2")  ., 

„      20-;31  . . 

Aiiyust  1-  5  . . 

„       (MO  .. 

.,     11-1")  .. 

„   u;-2o   .. 

„     21-25    .. 

„   2(;-:ii   .. 

September   1-  ") 

C-IO 

11-1") 

lf.-20 

21-25 

2(;-;!o 

October        1-  5 

C-10 

11-15 

10-20 

2t;-;3i 


Mi';in  (lisc'liar-f;(;  in 

Volnine  (lisclinrjred 

cubic  nieti-es 

iliiriiifr  iierioil  in  niillii)ns 

per  second 

iif  cnliic  metres 

12!)0 

558-8 

i7;»o 

771-(; 

21  DO 

941-.S 

2t;oo 

11 23 -2 

2950 

1274-4 

2'.I50 

1529-3 

5220 

2225-0 

7250 

3132-0 

8250 

35i;i-l) 

9420 

4()i;9-4 

9500 

4138-(; 

9501) 

4950-7 

8850 

3.S2:i-2 

8400 

3i;28-8 

7950 

3434-4 

7450 

32 IS -4 

8250 

35114  ■() 

8100 

4199-0 

0700 

2.S94-4 

5800 

2505 -C 

4850 

2095-2 

4150 

1792-8 

3850 

l(;(;3-3 

3150 

l(;32-9 

Total   .. 

..       (•)2,7('>l-8 

Tims  the  vohmie  of  the  Bhie  Nile  flood  of  1902  was  to  that  of  1903 
approximately  as  42,90<S  to  G2,7G2,  or  as  0-68  to  I'DO. 

They  may  be  compared  Avith  previous  years  b\-  means  of  the  Wadi 
Haifa  gauge  records,  by  taking  the  mean  of  the  readings  for  each  dav 
for  tlie  fifteen  years  LS90-19OJ:,  and  noting  the  difference  between 
these  mean  values  and  the  readings  of  1902  and  190H.  To  shorten 
till!  table,  the  mean  ditt'erence  for  eacli  iiKnitli  only  is  ii'iven — 


Mimth 

Mean  (litlVrciiee  in  centimetres 
from  mean  readings  of  l.S'.KI-l!K)4 

1902 

I'JIIS 

July          

centimetres. 

—  77 
-198 

—  90 

—  58 

centimetres. 

-n; 

-l".7 
+   8 
+  2C. 

8ept('inl)cr        

October  . .         

Mean       

-lot; 

—12 

so  that  1903  may  be  considered  as  rather  below  an  average  flood,  while 
that  of  1902  was  an  extremely  bad  one. 


-    2.12  — 

Before  leavinfj  the  I'lne  Nile,  the  rate  of  transmission  of  the  flood 
wave  sliould  he  eonsidereil.  Data  for  this  purpose  are  not  very  ample, 
hut  tiiey  will  suflfice  to  form  an  estimate  of  the  time  which  elapses 
between  the  rainfall  entering  the  tributaries  and  reaching  Khartoum. 
On  Plate  XXIII  and  XXX Via  are  plotted  the  flood  curves  of  the 
l»lue  Nile  from  the  gauge  readings  at  Ro.seires,  Sennar,  Wad  Medani, 
Khartoum,  lierber,  Wadi  Haifa,  and  Aswan  for  the  flood  of  1903,  anil 
from  them  the  following  data  are  taken  : — 


Date. 

Days  tjiken  for  water  to  travel. 

1!  ver  at  Uiisei  I's. 

Roseircs 

t.i  Sennar 

2S-  km. 

.Sennar 

to  Wad  Medani 

nil  km. 

Wad  Medaiii 

to  KliartoniM 

20(;  km. 

Fell          

Ruse         

Fell           

Rose         

Fell            

RoM'          

Fell           

Rose         

May    :!1 

.Iiiiic     4 

..       12 

.lulv    "is 
..       12 

„     n 

..       27 

;{ 

2 

.'i 
2 

'<, 

:\ 
■] 

1 

1 

2 

1 
2 
2 

1 

0' 

•> 

;{ 

2 
2 

'{ 
2 
2 
2 

Mean  time  I'oseires  to  Sennar  2'.t  ilays,  or  112  km.  per  day. 

„  „  Wad  Medani       4      „  lOS 

„  „  Khartoum         (j'i      „  100         „ 

or  ahoiit  10  days  I'rom  the  centre  of  its  liasin. 

Atbara  River. — The  last  tributary  of  the  Nile  is  the  Atbara 
^\  hicli  joins  it  40  kilometres  upstream  of  Berber  after  a  total  course  of 
about  12G(j  kilometres.  It  rises  as  the  Takazze  in  the  Lasta  hills  lat. 
12°  T  N.  approximately,  close  to  the  eastern  escarpment  of  Abvssinia 
and  rapidly  deepens  its  valley  into  a  stee})-sided  ravine  deeply  cut  into 
the  basalt  plateau  until  only  IG  kilometres  from  its  source  it  is  flowing 
in  a  ravine  600  metres  deep  ;  -  at  some  50  kilometres  east  of  the 
mountains  of  Debra  Tabor  it  turns  northwards  being  joined  by 
numerous  small  tributaries,  and  others  like  tlie  Tserare  and  the  Ghiva 
which  are  large  streams,  carr3-ing  a  considerable  volume  in  the  rainy 
sea.son.  In  about  lat.  18°  12'  N.,  near  where  the  road  from  Adua 
to  Gondar  crosses  it,  the  Takazze  turns  westwards  and  following  a 
general  direction  somewhat  north  of  w-est  finally,  under  the  name  of 


1  As  the  gauges  are  only  read  once  a  day  it  is  not  always  possible  to  determine  with  accuracy 
the  time  taken  by  tlie  flood  wave. 

*  Markham  .lour.  K.  (ieojf.  Sue.  ISCi.S,  p.  42. 


PLATE  XXVIII 


SECTIONS    OF    RAHAD    RIVER 


No-   1        400  Km.  from  NHa     3    1     03 


No.  2       Khor  Abu  So<h«lp,  20  Km.  fV^»m  Nil«     13    12    02. 
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Settit,  joins  the  Atbara  river  coining  from  the  soutli-east  to  form  tlse 
main  stream  of  the  Atbara  at  a  point  502  kilometres  from  tlie  Xiie. 
This  south-eastern  branch  is  called  the  Atbara  as  far  as  (iallabat.  shortly 
above  which  jioint  the  two  streams  of  the  (ioangand  the  (iamloa  juin  it. 
Though  the  southern  branch  bears  the  name  of  the  main  stream,  the 
Takazze-Setit  is  in  realitv  the  upjjer  portion  of  the  Atbara  of  which  the 
Bahr-el-Salam,  the  (ioang  and  the  (iandoa  are  tributaries  ;  }»y  its  length, 
its  volume  in  flood,  the  extent  of  its  basin,  and  its  effect  on  the  regimen 
of  the  main  stream  it  fully  establishes  its  right  to  this  position. 

The  limits  of  its  basin  on  the  south,  where  it  meets  the  basin  of  the 
Blue  Kile,  have  already  been  described.  On  the  north  they  run  from 
about  Adigrat  on  the  eastern  escarpment  by  Adua  and  thence  west- 
wards \er\  near  the  valley  of  the  Mareb  or  Khor  el  (iash.  After 
Fasher  the  Atbara  receives  no  tributary  of  imjiortance  and  the  basin 
limit  is  an  ill-defined  line  not  far  from  the  river. 

Like  most  of  the  rivers  of  Abyssinia  the  Takazze  is  in  flood  in  July 
and  August,  being  fed  by  the  summer  rains  of  the  Abyssinian  plateau, 
but  after  October  it  falls  rapidly  and  from  November  to  May  the 
Takazze  is  of  small  depth  while  the  Atbara  sinks  to  a  immber  of  separate 
pools  which  afford  watering  places  for  the  Arabs  of  the  district  and 
their  flocks. 

Measurements  of  this  river  are  scarce  and  are  usuall}'  limited  to 
breadth  and  depth;  at  low  stage,  when  in  many  places  the  water  hardly 
fills  the  bed,  determinations  of  velocity  would  only  mislead  unless  made 
with  special  precautions. 

In  February  18S1  llohU's  crossed  the  Takazze  ii\  about  lat.  12°  15'  X. 
and  made  the  altitude  of  the  bed  of  the  river  at  this  point  12G0  metres 
above  sea  level,  or  about  SOO  or  900  metres  below  the  level  of  the 
plateau.  The  valle}'  is  here  800  metres  wide  at  the  bottom  widening 
to  4-5  kilometres  at  the  level  of  the  plateau,  and  has  not  the  very 
steep  slope  which  mountain  streams  often  have;  Rohlfs  makes  it  1 25 
metres  per  kilometre  in  this  part  from  his  aneroid  observations.  The 
flood  marks  sliowed  a  rise  of  the  water-level  in  the  rainy  season  of  (i 
metres.  '  He  crossed  it  in  March  on  the  (londar-Adua  road  where 
the  altitude  of  the  bed  is  given  as  SOO  metres ;  the  river  was  here  lOO 
metres  wide  and  one  metre  deep.  The  distance  along  the  river  from 
the  upper  crossing  place  to  the  lower  as  measured  on  the  map  "  is  about 
210  kilometres  while  the  difference  of  level  is  -IGO  metres  which  cor- 
responds to  an  average  fall  of  2"  19  metres  per  kilometre. 


'  Uohlfs,  "  Meine  Mission  iiach  Abessinen,"  Leipzig,  1883,  p.  291. 
'  Pet.  Mitt.  18S2. 
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Beke  '  crossed  it  at  the  first  of  these  points  a|)j)areiitly  at  the  end  of 
^larch  LS41  and  describes  it  as  being  then  iJO  yards  wide  and  a  foot  deep. 

Ferret  and  GaUnier  =*  in  March  1843  crossed  its  valley  in  lat.  13°  15'  N. 
approximately  half-way  between  llohlfs'  crossing-places,  and  described 
the  river  as  20  metres  wide,  one  metre  deep  rising  to  4'")  and  o"5  metres 
deep  in  flood  and  flowing  in  a  deeply  eroded  channel  (JOO  metres  below 
the  general  level  of  the  plateau. 

Heuglin  ill  January  1802  crossed  the  Takazze  just  below  the  point 
where  it  turns  north-westward  and  descril)es  the  valley  floor  as  80 
to  120  paces  ((50  to  !)0  metres)  wide,  in  which  the  river,  about  35  me- 
tres wide  and  a  metre  deep,  flowed  rajiidly. 

Small  scide  maps  offer  little  guarantee  of  accuracy  when  river  lengths 
have  to  be  measured,  but  no  survey  of  the  Takazze  valley  yet  exists,  nor 
have  any  of  the  altitudes  been  determined  more  accurately  than  barometric 
or  hypsometric  observations  admit;  the  following  table  must  tlierefore 
be  taken  as  furnishing  approximate  values  only  which  will  proljably  be 
considerabh-  altered  wlien  exact  determinations  become  available. 


Place 


Source 

Where  crossed  hv  Markham 

.;    Kohlfs-^ 

Junction  with  liiverMeri' 

Where  crossed  l)y  Ferret  and  Galinier 
..  Rohlfs 

Junction  with  Atbara 

Khashin  el  Girba 

(toz  Regeb 

Junction  with  Nile       


Dist:iiuo 

Dist;inci> 
from 

.Mtitiuio 

in  km. 

mMtri-s. 

S(niri'e. 

kin. 

about   ."{OOO 

•20 

20 

2440 

12U 

140 

1310 

20 

ii;o 

12G() 

\20 

:iSo 

1(H»5 

100 

;{so 

,S17 

.•{.S4 

7(J4 

4(UV 

77 

841 

4.i;V 

1.51 

••92 

;5,so' 

274 

12C,C, 

.•5.{.5* 

The  lower  part  of  the  Takazze  before  it  joins  the  Atbara  is  known 
as  the  Settit  which  is  about  the  same  size  as  the  upper  portion  of  tlie 
Atbara  at  the  point  where  tliey  join.  Recently  this  part  of  the  basin 
has  been  described  in  considerable  detail  and  sections  of  the  river 
measured  at  several  jjoints,'  thus  furnishing  a  more  accurate  account 
of  them  than  has  hitherto  been  available. 


'  Proc.  Royal  Geographical  Society,  1842.  Vol.  XIV. 

»  -'Voyaiie  eu  Abyssinie." 

'  Loc.  cit.  [1. 191. 

*    „        „     p.  291. 

5  Diipuis  from  aneroid  observations.— Report  upon  Lake  Tsana  and  the  rivers  of  the  Eastern 
Sudan— in  A  Report  on  the  Upper  Nile.  ('airi>,  1901,  p.  25.  Aeiording  to  the  Sudan  Railway 
levelling  the  altitude  of  the  junction  of  the  Nile  and  the  Atbani  is  3.52  metres  above  sea-level 
at  low  stage  and  about  3.59  metre.s  in  tlood.  CapUiin  S.  T.  Newcombe  R.E.  gives  the  slope 
in  April  1903  from  the  Nile  water  surface  to  that  of  a  pool   at  Hilgi,  CO  kilometres  upstreiim, 


PLATE      XXIX  a. 


SECTIONS    OF    THE    ATBARA    RIVER 


.««77i   No.  1     At  River  Gsndwaha     about  850  Km.  tram  N<l«    3-1  -  03. 


No.  3    Mohammed  Osman    about  660  Km.  from  Nile    24    2    03. 


No.  4    Khaahm  el  Oirba    425  Km.  ftvm  Nile    24    2    03. 
L. 
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The  Atbara  is  formed  by  the  junction  of  three  streams,  the  Goang, 
tlie  Bulwena  and  the  Gandwaha,  which  meet  at  a  short  distance  above 
Gallabat;  of  them  the  Gandwaha  is  said  to  be  the  largest  and  to  rise 
about  16  kilometres  from  lake  Tsana  at  an  altitude  of  about  2000  me- 
tres. At  Gallabat  the  Atbara  is  120  metres  wide  and  about  5  metres 
deep  in  flood,  tlie  bed  bemg  filled  with  boulders  and  coarse  shingle, 
but  b}-  December  the  flow  is  very  small,  about  1  cubic  metre  per  second 
in  1902,  and  by  February  there  is  no  water  flowing  at  all.' 

The  Atbara  is  joined  180  kilometres  down-stream  of  Gallalsat  by  the 
Bahr  el  Salam  which  is  said  to  equal  the  Atbara  in  size ;  it  also 
dwindles  to  a  mere  trickle  of  water  in  the  early  months  of  the  year. 
The  bed  is  formed  of  small  boulders  and  shingle.  From  this  point  to 
where  the  Settit  or  Takazze  joins  it,  72  kilometres  further  downstream, 
the  channel  of  the  Atbara  is  from  loO  to  200  metres  wide  and  in  flood 
tlie  water  is  about  6  metres  deep;  beyond  this  the  river  lies  in  a  deep 
valley  occasionally  as  at  Khashm-el-Girba,  where  a  river  gauge  was  cut 
on  the  rock  in  1903,  passing  through  a  narrow  gorge.  Below  this 
point  the  channel  widens  to  350  or  400  metres  with  steep  clayey  banks 
and  a  flood  depth  of  about  7  metres  ;  this  section  varies  but  little  till 
the  Nile  is  reached. 

The  climate  of  the  upper  l)asin  of  the  Atliara,  drained  by  the 
Takazze  and  the  Settit  rivers,  is  that  of  tlie  Abyssinian  plateau  which 
has  been  already  described.  On  the  Sudan  plains  it  varies  from  the 
l)laces  near  the  Abyssinian  table-land  with  a  heavy  rainfall  in  the 
summer  months  followed  l)y  a  dry  season  of  seven  or  eight  months  to 
the  conditions  of  almost  absolute  aridity  such  as  are  met  with  at 
Berber  near  the  junction  of  the  Atbara  with  the  Nile. 

The  following  measurements  of  rainfall  have  been  made  on  the 
Sudan  plains  in  or  near  the  Atbara  basin. 

RAINFALL  IN  MILLIMP:THES. 
Gallabat. 


VHAltS 

.1.111. 

0 
0 

0 

I'Vl,. 

0 
0 

0 

Mm-. 

0 
U 

(1 

April 

2 

0 

1 

May 

2.S 
40 

.Iniie 

it;s 

1.50 

.Tilly 

i7;-5 

2('i(i 

i;5;5 

1!>1 

Aug. 

2118 
IC.ll 
274 

247 

Sept. 

i:54 

210 
So 

143 

Oct. 
9 

.•{7 

lis 

52 

Nov. 

0 

11 
*■• 

(■> 

Dcr. 

Vi-ar 

i'.)o;$    . . 

liH)4     .. 
IDOf)     . . 

0 
0 
0 

0 

[<;o7] 
8;ii 

812 

Mean  . . 

sat; 

a.-i  1  111  T.fioii  at  low   ..^tasfe,  while  the  Hood  .slope  for  the  same  distance  deduced  from  the  levelled 
licifrht  of  Hood  marks  at   Hilgi   is  1  in   5,40(1.     If  this  slope    of  the   water-table  at   low  stage   is 
continued  It  m;iy  mean  that  an  appreciable  amount  of  water  pa.sses  to  the  Nile  even  then,  through 
the  sand  and  gravel  which  form  the  river  bed. 
'   Dupnis,  loc.  cit. 
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Gedaref. 


Years 

JilU. 

0 
0 

Feb. 

() 
0 

Mar. 

8 

April 

0 
0 

May 

41 

June 

•  • 

112 

86 

July 

IKt 
141! 
275 

177 

Aug. 

Sept. 

Oct. 

0 

2;t 

2 

.\..v. 

U,-r. 

V«.r 

I'.Mi;!    .. 

I'.t04     . . 
l'.K)5     .. 

203 

2n; 

(-.4 
IC.l 

120 

'.t7 

103 

107 

0 
•J 

42 

0 
0 
0 

0 

[433] 
5S7 
(;i7 

Mean . . 

0 

0 

0 

37 

10 

15 

.V.lit 

Khashm  el  Girba. 


Yeaks 

Jan. 

Feb. 

Mar. 

April 

Jlay 

June 

July 

75 

58 

173 

All-. 

13'.t 
'.•5 
81 

Sept. 

(■■8 
54 
55 

5!) 

o.-t. 

0 
37 

[22] 

Nov. 
0 

n.v. 
0 

\<-M- 

l'.tn3    .. 

l'.M»4      .. 

i;i()5    .. 

•• 

30 

0 

23 

312 
244 
'354 

Mean.. 

18 

102 

105 

20 

0 

0 

[.304] 

The  Tiikazze  begins  to  rise  with  the  eiirly  rains  of  Abyssinia  in 
May  and  early  in  June  tlie  middle  reaches  of  the  river  are  affected. 
Here  at  this  time  owing  to  the  deficient  supply  the  permanent  water- 
surface  is  at  most  points  Ijelow  the  surface  of  the  river  bed  except  in 
the  deep  pools,  but  as  the  upper  river  rises,  water  Hows  down  and 
raises  tliis  water  surface  till  nuniing  water  appears  again  in  the  l)ed 
of  the  river.  This  is  called  by  tlie  inhabitants  ''  the  swelling  of  the 
springs."  The  Atbara  is  often  described  as  being  torrential  in  character 
but  this  is  more  true  of  its  tributiiries  in  the  upper  rejiches  than  of 
the  river  itself.  Its  slope  is  as  shown  above  not  excessively  high,  and 
when  it  has  risen  in  flood  it  Hows  steiidily,  the  sudden  rises  and  falls 
which  occur  beiiiir  due  to  its  tributaries  rising  on  the  Abvssiniaii  table- 

O  CD  ^ 

land  and  fed  by  the  heavy  rain-storms  of  Jidy  and  August. 

It  is  said  to  be  more  heavily  loaded  with  sediment  in  susp.Mislon 
than  the  Blue  Nile  but  only  two  actual  observations  exist;  a  sample 
taken  near  the  junction  with  the  Nile  on  August  24,  1902  gave  4759 
parts  per  million  while  the  highest  value  for  the  Blue  Nile  in  that  flood 
was  1573.  Its  volume  varies  certainly  from  year  to  }ear  but  no  sufficient 
datii  yet  exist  to  show  whether  its  variations  correspond  with  those  of 
the  Blue  Nile ;  since  it  drains  northern  Abyssinia,  while  mucli,  if 
not  the  greater  part,  of  the  Blue  Nile  water  is  from  the  southern 
part  of  the  table-land  it  probably  differs  slightly  from  the  latter. 

The  volume  di.scharged  In'  tlie  Atbara  was  measured  in  1902  and  in 
1903  but  the  results  of  the  former  year  are  not  wholly  satisfactor)- 
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SECTIONS  OF  ATBARA  RIVER 
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lieiiig  taken  too  close  to  the  railway  bridge,  the  piers  of  which  may 
have  caused  erroneous  determinations  of  the  velocity,  and  as  the 
observer  was  also  carrying  out  measurements  at  Khartoum  those  at  the 
Atbara  could  not  be  made  regularly  or  at  short  enough  interxals.  The 
results  are  given  in  the  table  below. 

In  1903  a  very  complete  scries  was  taken  at  Abu  Dar  32  kilometres 
from  the  Xile,  and  the  results  are  of  great  interest.  The  maxinunn 
discharge  was  308S  cubic  metres  per  second  on  August  30. 

The  gauge  readings  taken  at  this  point  are  plotted  on  Plate  XXX  as 
well  as  the  mean  depth  values,  and  the  discharge  diagram  and  curve. 
LookiTig  at  the  values  of  the  mean  depth  it  will  be  seen  that  it  keeps 
verv  close  to  the  gauge  readings  showing  no  marked  alteration  in  tlie 
river  bed  at  this  point  until  August  27-30  when  it  was  eroded  so  as  to 
increase  the  mean  depth  by  about  half  a  metre  ;  this  was  when  the 
velocitv  was  highest,  but  as  it  decreased  September  5-12  the  section 
resumed  its  normal  condition. 


Thr  volvme  dischakcki)  by  the  Atbara  uiveb. 

Date. 

Wi.ltli. 

Mfiin 
depth. 

Area 

llf    SWtillll. 

Mean 
velijcity. 

Disi-lnrge. 

Athani 
Bridge 
(Jaiige. 

III. 

III. 

III.' 

III.    |i.    s. 

m.'  |i.  s. 

in. 

13  Jiilv 
20    „  ■ 
27    „ 
10  Aug. 
24    „ 
8  Sept. 


Tidi  II  just  lii'loir  tin'  Athara  Raihnnj  Jirhlr/e. 
V.m..      ..        22.S  .•{•(),-)  7J.')  0-447   | 

o-,s;l> 
1-217 
(»-;io<t 
l-oco 
1-4.55 
0-(;:^l 

o-im 


2l^S 

.•{•(1,-) 

7].-) 

2;i5 

3-10 

770 

2;i8 

2-1 

.543 

2C.1 

4-1 

]12'.) 

2V.) 

4-0 

1274 

■2V.) 

5-0 

1400 

2i-) 

4-r.t; 

1244 

270 

4-;« 

SO.") 

334 

0-80 

G(M) 

1-40 

(•.2.5 

,  , 

'.t'.IO 

3-20 

1420 

4-30 

2020 

4-(;5 

r.DO 

,  , 

1.52 

3-(;o 

Tidcn  at  Ahu  Dai 

33  kilonii'tres  from  the  June 

tioii   tritli 

t/ie   Wiiitt 

'  Xtle. 

ir.  July  l'»03..     .. 

204 

1-.52 

4.54 

0-838 

381 

2-(HI  ' 

23    „        

331 

l-f.S 

551 

O-'.KU 

.538 

2-43 

27    „        

32C. 

2-37 

7'.tl 

1-(K18 

780 

3-02 

2  Aug 

322 

2 -.30 

7(;4 

O-i'3'.t 

758 

3-07 

•5    „        

324 

3- GO 

1204 

1-203 

1448 

4-24 

14    „        

32G 

4 -.50 

1.50',t 

1-401 

2318 

5-15 

1.5    „        

334 

.5-05 

1742 

l-f.21 

20.31 

5-(;7 

27    „        

340 

4-70 

lt;27 

l-i;7'.l 

2(;.32 

5-00 

30 

331 

.5-(U 

i.s7;t 

l-CO'.l 

.3088 

5-(U 

.5  Sept 

324 

.5-75 

I'.C.C, 

1-4.3.5 

2822 

5 -.53 

12     .,        „     ..      .. 

.334 

4-.5C. 

1.5S1 

l-.3.3t; 

2O01 

4-05 

18     „         

3.30 

4-34 

1441 

l-lf.l 

lt;72 

4-57 

2.5    „        „     . .     . . 

3.30 

3 -.54 

1211 

1-0.32 

12(;7 

3-83 

2S    ., 

32;i 

2-'.ti; 

1010 

0-S7f> 

0O2 

3-28 

2  Oct.     „     . .     . . 

327 

2-8(; 

I'l'l 

i)-;ii4 

025 

3-24 

4    .,        

324 

2-i;7 

S,S.3 

0-838 

754 

3-01 

.5     „         

.32.3 

2 -.50 

82t; 

0-83.5 

703 

2-82 

'  Temporary  gauge  at  Al  u  D-ar. 
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If  the  early  rains  are  uiisually  heavy,  the  AtV)ara  will  hring  down  a 
large  flood;  but  in  years  when  the  late  rains  are  the  heavier,  the 
Atbara  flood  will  not  be  so  marked,  since  the  rainbelt  has  moved  south- 
wards; 1874  was  an  instance  of  the  first,  and  187cS  of  the  second  case. 
In  1903  the  volume  discharged  by  the  Atbara  from  July  16  to  October 
5  was  to  that  discharged  by  the  131  ue  Nile  for  the  same  period  as 
11,972  to  50,799,  or  about  1  to  4-o.  It  rises  about  the  middle  of  June 
reaches  its  maximum  about  the  tliird  week  in  August,  and  then  falls 
rapidly  ;  from  November  to  June  much  of  its  lower  course  is  dry, 
except  for  isolated  pools.  On  Plate  XXXI  are  plotted  the  gauge 
curves,  for  Khashm  el  Girba  -120  kilometres  and  for  Abu  Dar  32  kilo- 
metres from  the  junction  with  the  Nile  for  the  flood  of  1903  ;  at  Abu  Dar 
tliere  was  a  temporary  gauge,  which  was  read  daily  wliile  discharges 
were  beino-  measured.  The  rate  of  movement  of  flood-wave  in  1903 
can  be  deduced  from  a  comparison  of  the  two  gauge  curves  of  Khashm 
el  Girba  and  Abu  Dar  until  about  August  20;  after  that  the  Blue 
Nile  had  risen  nearly  to  its  maximum  and  seems  to  have  disturbed  the 
reo-ular  agreement  of  the  two  curves  for  a  while. 

The  rate  of  transmission  of  the  flood-wave  is  deduced  from  the  fol- 
lowing data  : — 


lliver  nt   Khaslim  el  Girba. 

Dale. 

Days  tAkeii  for  water  to  travel  from  Khasliin 
el  (iirlia  to  Aim  Dar,  '.VXi  kilometres. 

Rose 

Fell      

Rose 

Fell      

Rose 

Fell      

Rose 

Fell      

July  20 

Aug.    2 

„       8 

„  11 

Sept.  1.5 
„     17 
„     26 
„     27 

4] 

9 

3 
2 
2 

d 

3 

3  J 

.  Mean  time  of  travel  for  a  rise,  3  days. 
Mean  time  of  travel  for  a  fall,  2j  days. 

This  gives  a  rate  of  131  kilometres  per  day  for  a  rise,  and  1.57  kilo- 
metres per  da}-  lor  a  fall.  Possibly  the  difference  is  illusory  and  is  due 
to  "•au<'"es  beins  read  oiilv  once  daily.  In  this  case  the  mean  value  of 
144  kilometres  per  day  is  probably  a  safer  one  to  use.  If  the  point 
where  the  course  of  the  Takazze  turns  from  north  to  west  be  taken  as 
the  centre  of  its  basin,  then  the  water  from  this  point  has  about  450 
kilometres  to  travel  to  Khashm  el  Girba,  and  425  kilometres  more  to 
the  Nile.  In  doiug  so  it  falls  from  about  900  metres  above  sea-level 
at  this  point  of  the  Takazze  to  about  460  metres  at  Khashm  el  Girba, 
and  then  to  about  350  metres  at  the  Nile.  Thus,  if  it  bikes  2"75  days 
from  Khashm  el  Girba  to  the  Nile,  we  may  add  about  2'5  days  for  the 
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rainfall  of  the  niidflle  of  the  upper  catchment  basin  to  reach  Khashin  el 
Girba  which  will  give  o  to  5'5  days  for  it  to  reach  the  Nile. 

It  is  instructive  to  compare  the  gauge-curve  of  Khashm  el  (iirlm, 
representing  the  drainage  of  the  northern  part  of  Abyssinia  with  that 
of  Iloseires,  rejiresenting  the  drainage  of  the  central  and  southern  part. 
After  June  most  of  the  larji'er  rises  and  falls  of  the  Iloseires  "-auire  can 
be  matclied  by  others  about  the  same  date  on  the  Khashm  el  (iirba 
gauge,  those  of  July  30,  August  3,  August  10-18,  August  27-31, 
September  l~-'2'A,  1903,  being  the  most  marked.  This  shows  that  the 
rainfall  is  widely  distributed  and  varies  not  locally  so  much  as  by  a 
succession  of  heavier  and  lighter  falls  which  affect  the  whole  plateau 
similarly. 

It  is  noticeable  that  the  mean  date  for  the  hifjhest  sfauge-readiu"'  is 
two  days  earlier  for  Khartoum  than  for  Aswan,  and  if  corresponding 
\cars  are  taken  from  the  two  tables,  it  will  be  found  that  the  date 
of  the  highest  gauge-reading  at  Aswan  often  precedesthat  of  Khar- 
toum, sometimes  by  as  much  as  twenty  days  (1880  and  1881). 
This  is  due  to  the  Atbara  river,  which,  being  in  highest  flood  soon 
after  the  middle  of  August,  may  with  the  increasing  P)Iue  Nile 
Hood,  cause  a  higher  reading  at  Aswan  than  their  combined  waters  at 
the  time  when  the  Blue  Nile  is  at  its  maximum  and  the  Atbara  has 
fallen.  The  Atbara  drains  a  part  of  Abyssinia  to  the  north  of  the 
basin  of  the  Abai  or  Blue  Nile,  and  the  rains  in  the  northern  basin 
decrease  earlier  than  those  of  the  more  southern  districts  of  Gojamand 
Wallega. 

The  Mareb  River  or  Khor  el  Gash.— The  Mareb  river,  known 

lower  down  as  the  (iash  or  Khor  el  (iash,  has  much  in  common  with 
the  Atbara;  fed  by  similar  rains,  draining  a  plateau  through  a  deep 
ravine  eroded  by  its  waters,  and  on  leiuing  the  Abyssinian  jtlateau 
turning  sharply  to  the  north  it  differs  from  it  only  in  size  but  this  very 
difference  prevents  the  (lash  from  being  able  to  cjxrry  its  waters  across 
the  plains  of  the  Sudan  either  to  the  Atbara  or  the  Nile. 

It  rises  a  little  south-west  of  Asmara  in  Eritrea,  near  the  hill  of 
Tacara  at  an  altitude  of  about  2000  metres;  flowing  at  first  in  south- 
easterly direction  then  south  and  south-west  as  far  as  its  junction  with 
the  Belesa  river  which  rises  near  Adigrat,  it  then  turns  to  the  west  and 
then  later  on  to  the  north-west. 

It  drains  the  northern  part  of  Abyssinia  and  a  small  portion  of 
southern  Eritrea  and  carries  the  run-off  of  this  area  as  far  as  Kassala, 
a  distance  of  about  oSo  kilometres  from  its  source. 
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In  the  upper  reache-i  tliere  i.s  always  water  hut  it  is  not  flowing  in 
the  (h'V  season ;  large  ])ools  occur  bounded  hy  rocky  sills  and  when  the 
rains  begin  the  surface  of  the  water  coiniecting  them  rises  from  below 
the  surface  to  above  it,  and  running  water  again  appears. 

The  rainfall  of  Addi  Tgi'i,  Keren  and  Chenafena  (see  p.  208)  fairly 
re])resents  the  rainfall  which  feeds  it.  This  may  differ  somewhat  from 
that  of  the  Abyssinian  table-land  to  the  south  of  it,  as  in  li»().")  when 
in  Eritrea  the  rainfall  was  above  the  average  although  t<)  the  south- 
ward there  was  a  large  deficiency. 

At  Kassala  meteorological  observations  have  been  made  from  1001 
besides  some  in  1894  and  1895. 

These  are  summarized  in  the  following  tables  : — 


Temi'khatirk  ck.vtigrade  1001-r.)0i. 


Jan. 

Feb. 

Miir. 

April 

Slay 

June 

31)- 1 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

M.-.1 

21  Ml 

23-2 

ir,-i; 

»l-3 

32-0 

27-7 

27-4 

29-3 

2'.l-.-. 

28-4 

23-0 

Monii  .\l:)\iiniiiii. 

32-1 

3t-4 

■M-H 

4<l-0 

40-7 

3!l-l 

3.-.-(; 
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37-7 
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3.-,-n 

M>':iii  Miniiiiiini. 

l.-,-H 

17-.-. 

11I-4 

22-.-. 

25-9 

2.-. -3 

23-3 

23-11 

23-2 

23-8 

21 -i; 

17-2 

K\tiiMiit!  Max. . , 

:^^•ll 

:w-3 

40-11 

43-6 

43-3 

42-1 

3S-.-> 

37-7 

3!l-7 

40-3 

38 -'.I 

37-8 

Kxtreiiie  Mill.  . . 

10-3 

13-2 

13-7 

171 

22-1 

21-4 

2"-r. 

I'.l-S 

I'.l-K 

20-3 

IK-t! 

12-2 

K:iiige 

KJ-S 

ii;-.-) 

\H-:, 

17-.-) 

14-8 

13-.S 

12-3 

ll-(l 

13-4 

14-1 

1.-.-4 

17-8 
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Jan. 
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Mar. 

■    • 
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•  • 

May 

•   • 

June 

•  • 

July 

Aug. 

•  • 

Sept. 

Oct. 

Nov. 
0 

De<-. 
0 

6 

0 

0 

•  • 

0 

;^ 

•    • 

•• 

•   « 
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27 

•• 

•   • 

0 

0 

0 

0 

0 

2 

(i 

72 

37 

101 

31 

0 

0 

0 

0 

1) 

0 

(5 

1 

3 

•)(! 

r>o 

20 

2.5 

0 

0 

0 

0 

0 

9 

24 

23 

G3 

78 

7Ci 

0 

0 

0 

0 

0 

0 

0 

4 

Ci 

5« 

(•.2 

127 

5;i 

4 

0 

0 

0 

0 

0 

2 

30 

;»3 

127 

12C. 

0 

0 

0 

0 

0 

0 

2 

7 

24 

tV.) 

lOS 

(-.8 

17 

1 

0 

Year 


[12; 

[2.57. 
24'.» 
201 
2t;(; 
32(» 
378 
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Menges'  visited  the  March  in  April  1881  where  it  turns  westward 
at  a  point  in  lat.  14°.45  N.  and  almost  on  the  38th  meridian;  the  chan- 
nel was  here  30  metres  wide  but  without  water  in  the  dry  season 
although  it  was  obtainable  by  digging  to  a  depth  of  less  than  a  metre. 


Pet.  Mitt.  1884,  p.  162,  see  also  Munzinger  "  Ostafrikanische  Studien,"  18fi4. 
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A  few  (luys  liitei"  he  reaclied  it  at  Todliik  alxmt  14(1  kiloiiielres  lower 
down    where  the  channel  was  150  to  oi)0  metres  wide. 

At  Kassala  the  channel  is  l.')U  metres  wide  and  tlie  river  in  flood 
Hows  liere  1  metre  deej),  hnt  in  nnnsnally  wet  years  a  considerably 
laryer  area  is  likely  (o  he  innndated.'  I'evond  this,  ill-defined  scour 
channels  occur  and  these  finally  eonibine  to  form  two  or  three  main 
channels  which  are  usually  show  ii  in  maps  as  extensions  of  Gash  whicli 
How  to  the  Atliara,  though  in  fact  only  in  the  very  wettest  year  would 
any  water  l)e  carried  by  them  even  near  to  tlie  Atbara.  On  the  alluvi'd 
fan  at  Kassala  where  the  Hood  waters  of  the  (iasli  finally  lose  themselves 
water  can  be  obtained  always  at  a  de])th  of  fi-7  metres  in  spite  of  tlie 
small  volume  discharged,  which  is  estimated  to  be  about  100  cubic 
metres  per  second.' 

The  (lash  Hows  usually  about  SO  davs  in  the  year,  coming-  down 
early  in  July  and  drying  up  the  latter  [)art  of  September,  its  bed  being 
dry  for  the  remainder  of.the  year,  but  during  this  flood  peritxl  it  runs 
constantly,  rising  and  falling  irregularly  as  the  tributaries  in  its  u[)per 
course  pour  in  their  contributions.  The  way  in  which  the  Gash  spreads 
out  in  the  neighbourhood  of  Kassala  and  deposits  its  load  in  the  form 
of  an  alluvial  fan  is  typical  of  rivers  of  a  certain  class.  When  rivers 
already  loaded  with  sediiiienr  emerge  from  their  mountain  valleys 
of  Iiigli  slope  on  to  a  level  plain  under  arid  climatic  conditions  where 
the  water-table  is  at  some  distance  from  the  surface  their  water 
sinks  in  almost  at  once  instead  of  Howingon  the  surface  and  therefore 
deposits  its  load  of  sediment  as  an  alluvial  fan.  This  fan  is  built  u[) 
most  rapidly  at  its  head  ;uid  as  the  Hoods  of  successive  years  come 
down  new  tem}.<)rary  chainiels  are  formeil  which  divide  and  reunite, 
forming  a  network  of  channels,  each  by  deposit  building  up  banks  for 
itself  which  are  proI)ablycut  through  in  the  next  season,  of  the  sinnmer 
rainfall;  consequently  the  very  moderate  volume  wliicli  it  supplies  is 
unable  to  carry  forward  its  load  but  forms  an  alluvial  fan.  This  action 
is  typically  shown  in  the  High  Plateaux  of  Xortli  America  and  pro- 
bably many  of  the  streams  leaving  the  Beni  Shangul  hills  and  flowing 
westwards  ha\e  similar  characteristics. 

We  have  therefore  in  the  Blue  Nile  the  Atbara  and  the  Gasli  three 
sets  of  conditions,  the  sanu'  in  kind  but  differing  in  degree.  All  recei\c 
their  water  supply  from  the  lieavv  summer  rainfall  of  the  Abvssin- 
ian  talileland.  How  through  deeplv  cut  valleys  and  open  on  to  the 
level  Sudan  plains  where  they  receive  but   a  small  additional  su}>ply. 

1  Dupiiis  loc.  cit.  p.  32  S. 
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The  Blue  Nile  from  a  bat^iii  of  considerable  size  receives  eiioiioli 
water  to  keej)  tlie  water-table  aljove  the  Hoor  of  its  bed  in  the  (hy 
sea-son  while  in  Hood  its  discharge  nuiy  reach  perhaps  li,000  cubic 
metres  per  second  and  its  load  of  sediment  can  be  carried  <l(>wii  to  Egypt 
without  being  d('i)o*sited  to  any  considerable  extent.  The  Atl)ara 
ciirrying  a  heavier  load,  draining  a  smaller  basin,  one  of  lighter  rainfall 
and  with  a  shorter  rainy  seascjn,  can  only  keep  its  water  table  above 
its  bed  for  some  (5  months  in  the  year  but  during  that  time  and 
especially  in  its  flood  ])eriod  it  is  able  to  carry  its  load  to  the  Nile 
and  there  to  add  it  to  that  which  the  IMuc  Nile  has  brought  down. 

The  (iash  has  a  still  smaller  basin  and  rising  furtiier  north  has  both 
a  lighter  rainfall  and  a  shorter  rainy  sea.son  besides  flowing  out  on  to 
plains  wliiili  lie  near  tlie  liniit>  of  the  region  receiving  an  appreciable 
rainfall. 

Summary.— One  of  (lie  two  piincipal  factors  in  the  Nile  supplv, 
which  has  been  already  mentioned  is  the  Albert  lake  and  the  rainfall 
on  the  ])latciiu  immediately  north  of  it;  the  other,  and  b}' far  tl'.c 
more  important,  is  the  rainfall  on  the  Abyssinian  tiibleland  which 
supplies  the  IJlue  Nile  and  the  Atbara.  From  these  jJours  down  the 
annual  Nile  flood  in  duly,  August,  September,  and  October,  while  in 
most  years  the  Blue  Nile  flows  throughout  the  year,  though  its  volume 
after  January  is  small.  We  have  scon  that  the  punctual  arrival  of  tlie 
flood  each  year  is  due  to  the  regular  northward  movement  of  the 
rainbelt,  and  that  the  regularity  of  the  rise  and  fall  is  caused  by  the 
long  distance  its  \\'aters  traverse  before  reaching  Egypt,  whereby  the 
irregular  rises  and  falls  of  the  up])er  reaches  are  smoothed  out. 
Being  supplied  from  a  single  river  system  with  a  single  rainy  season, 
excessive  floods  are  not  caused  by  floods  in  different  large  tributaries 
occurring  at  the  same  time,  but  the  Nile  flood  varies  very  nearly  as 
the  rainfall  on  a  single  area  of  no  very  great  extent  and  consequently 
within  moderate  limits.  This  rainfall  decreases  from  south  to  north, 
and  while  it  maintains  the  Sobat  at  a  high  level  from  July  to  Dccisinber 
with  the  aid  of  the  flooded  plains  of  the  PiI)or,  the  Blue  Nile  is 
falling  rapidlv  in  October,  and  the  Atbara  after  January  is  from 
Khashm  el  Girba  downwards  only  a  succession  of  pools.  Abyssinia 
after  centuries  of  arrested  development  appears  now  to  be  advancing 
ra|)idl\'.  and  with  the  cessation  of  the  civil  war  which  was  almost 
continuous  up  to  aliout  fifty  years  ago,  a  large  increase  of  the 
])opulation  must  take  })lace.  While  it  is  not  likely  that  any  change  of 
river  regimen   will  occur  in   the   immediate  future,    it    is    impossible 


—  24;5  — 

not  to  be  struck  hv  the  fre(jueiit  iiieiition  1)\'  tra\cllers  of  deforestation 
in  tlie  neighbourhood  (jf  the  larger  settlements,  and  at  a  future  period 
it  may  be  that  this  may  proceed  far  enough  to  bring  about  the  results 
which  have  been  experienced  in  other  countries,  namely  more  ra|iid 
rise  and  fall  of  floods,  their  greater  range,  and  a  greater  removal  <jf 
detritus  from  the  mountain  tract  to  be  deposited  the  first  reach  of 
moderate  slope,  that  is  in  the  river  bends  on  the  Sudan  jilains. 

The  deeply  cut  channels  of  the  Blue  Nile  and  Atliara  with  banks 
rising  6  and  <S  metres  above  flood  le\el  are  of  special  interest  to  the 
geographer;  they,  as  well  as  the  absence  of  recently  deposited  flood 
plains,  tell  of  a  gradual  cutting  down  of  the  Ijed,  an  adjustment  of 
grade  which,  for  the  present,  may  be  attributed  to  the  erosion  of  the 
rock  sills  which  form  the  cataracts,  or  more  proper!}"  rapids,  of  the  Nile 
below  Khartoun),  though  it  cannot  be  said  that  elevation  of  the 
Abyssinian  tableland  has  not  assisted. 

When  we  notice  how  very  moderate  the  rainfall  is  on  the  Sudan 
plains  to  the  north  of  lat.  9°N,  the  importance  of  this  tal)l('land  rising 
to  2000  and  3000  metres  above  sea-level  is  evident,  for  witliout  it  to 
cause  the  southerly  air  currents  to  rise,  and  therebv  condense  their 
moisture  in  the  form  of  rain  the  Nile  would  end  in  the  northern  de.-ert 
of  the  Sudan  by  its  waters  being  diminished  by  e\a]ioration  and  finally 
sinking  beneath  the  surface  and  depositing  its  load  of  sediment  as  an 
alhnial  fan,  like  the  Khor  el  Gash  and  many  other  rivers  of  northern 
Africa. 
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CHAPTER  VII. 

TlIK  NiLK    FROM    KlIAKTOUM   TO   AsWAX. 

General  description. — Fiom  Khartoum  to  Aswan,  a  distance  of 
1(S75  kilometres,  the  Nile  Hows  through  a  desert  region,  and  eultivation 
along  its  banks  is  restricted  to  isolated  patches  which  onlv  here  and 
there  are  snfficientlv  close  to  form  a  belt  oF  vcirctation  of  any  leno^th. 

The  rainfall,  which  at  Kliartoum  is  onl}-  1()7  nun.  a  year  on  the 
average,  rapidly  decreases  northwards  and  at  Berber  two  or  three  rain- 
storms are  the  nmst  tliat  occur,  while  as  far  as  Merowe  thcv  ha])j)en 
occasionally  ;  iR-yond  this  point  the  slightest  shower  is  rare.  A  new 
climatic  province  has  been  entered,  characterised  by  arid  conditions  and 
\egetation  is  limited  to  the  banks  of  the  river,  away  from  which  there 
are  but  a  few  thorny  acacias  and  other  hardy  desert  plants  which 
exist  in  the  shallow  drainage  lines  or  wadies.  Except  for  the  volume 
added  1)V  the  Atbara  the  Xile  is  rapidly  losing  water  by  evaporation 
and  sL'.ej)age  throughout  this  portion  of  its  course  and  though  observ- 
ations are  as  yet  insufficient  to  determine  the  amount,  still  it  must 
be  considerable.  Southerly  winds  just  reach  lat.  18°  N.  and  north  of 
this  the  northerly  trade  winds,  which  bl(jw  throughout  the  year,  from 
their  dryness  cause  rapiil  evaporation. 

Kight  and  left  of  the  river  the  country  rises  gradually  l)ut  retiches 
only  \ery  moderate  altitudes  ;  iS20  metres  or  about  oOO  metres  above 
the  river  is  the  highest  point  in  the  Hayuda  desert,  while  on  the  Berber 
side  it  is  nearlv  halfway  to  Suakin  before  hills  rising  to  l:iOO  metres 
are  met  with.  The  desert  to  the  east  of  Dongola  and  \Vadi  Haifa  is 
generally  from  400  to  600  metres  above  sea  level  while  a  few  hills  rise 
to  1000  and  1200  metres  ;  to  the  west  the  desert  is  flatter  and  the 
general  altitude  rarely  exceeds  500  metres. 

There  has  not  as  yet  been  any  ver\-  systematic  geological  examina- 
tion of  this  part  of  the  desert.  In  general  there  is  a  series  of 
crystidline  rocks  represented  by  gneiss,  gi-anite,  and  schists,  while  in 
certain  places  there  is  a  large  development  of  hornblendic  rocks.  On 
this  highlv  eroded  old  land  surface  the  beds  of  the  Nubian  sandstone 
have  been  laid  down,  without,  so  far  as  is  known  at  present,  any  older 
pre-cretaceous  rocks  occurring.  It  may  be  that  a  conglomerate  largely 
developed  at  Jebel  Reft  near  the  Murrat  Wells  between  Korosko  and 
Abu  Hamcd,  mav  represent  some  of  these  and  it  is  too  soon  to  say 
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definitely  that  otliors  do  not  exist.  Mueli  exiiniiimtion  of  all  this 
district  remains  to  l)e  done,  and  it  ^vill  not  be  until  the  geographical 
cniiditions  and  the  recent  geogra[)hical  development  of  this  part  has 
been  carefully  studied  on  the  spot  that  we  may  h(Ji)e  to  trace  the  causes 
whicli  have  determined  tlie  great  curve  of  the  ri\er  between  Abu 
Haiued  and  Dongola. 

In  the  reach  from  Khartoum  to  Aswan  the  Nile  attains  its  greatest 
volume  as  here  are  collected  the  waters  of  the  Blue  and  White  Niles  and 
the  Atbara,  while  evaj)oration  and  absorption  have  not  yet  materiiilly 
diminished  them.  For  a  few  days  only  at  lowest  stage  in  dry  years 
wiien  the  Blue  Nile  is  supplying  almost  nothing,  the  point  where  there 
is  the  maxinuim  volume  in  the  river  is  perhaps  innuediately  below  the 
Sobat  mouth. 

We  liave  seen  that  the  Blue  Nile  and  the  Atbara  in  their  up])er 
reaches  have  eroded  their  valleys  through  the  (j\-erlying  l)asalt  and 
sandstone  until  they  now  How  througli  channels  cut  in  the  older  granite, 
gneiss,  etc.  representing  the  old  land  surface  on  which  the  sandstone 
was  laid  down.  On  reaching  tlie  Sudan  plains  they  have  cut  their 
wa\-  through  the  alluvial  deposit  which  has  !)eeii  hiid  down  in  earlier 
[)eriods  on  the  rock  which  now  underliesit.  This  is  mostly  the  sandstone 
which  was  in  its  turn  de])osited  on  an  older  surface  of  crystalline  granite, 
gneiss  and  other  rocks,  which  l)egan  as  a  high  ridge  to  the  east  of  the 
present  Nile  valley  and  sloped  westwards.  But  this  surface  had  already 
l)ecn  greatl}-  eroded  so  that  ridges  rose  up  in  some  places  while  more 
deepl\-  worn  depressions  occurred  at  others.  When  now  the  Nile  had 
cut  its  way  through  the  overlying  sandstone  without  nuich  dithcultv, 
it  met  at  certain  ]  oints  ridges  of  harder  crystalline  rocks,  which  offered 
nuu'h  greater  resistance  to  erosion  and  therefore  delayed  the  gi'ading 
(  f  the  reach  of  the  river  up-stream  of  it,  causing  a  short  length  with  a 
((jmparatively  steep  slope  to  intervene  between  two  of  gentler  slope. 
These  old  ridges  which  have  given  rise  to  the  so-called  Nile  Cati\racts 
are  composed  of  various  rocks,  often  intersected  by  faults,  cleavage 
jilanes,  or  dykes,  which  form  lines  of  weakness  along  which  the  water 
soon  eats  out  narrow  chaiuiels.  Thus  the  position  of  the  ridges 
of  the  crystalline  rocks  determines  the  occurrence  of  catiiracts  wiiile  the 
structure  of  the  rocks  deternhnes  the  position  of  the  channels  in  the 
cataracts. 

Climate. — As  a  "athering  "round  this  ])art  of  the  Nile  Basin  is 
wholly  ineffective,  for  the  occasional  storms  which  burst  on  the  desert 
very  rarely  reach  the  Nile,  and  the  volume  carried  to  it  on  these  occa- 
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sioiis  is  iiisiiiiiificaiit,  so  tliat  after  tlie  accession  of  the  Atl)ara  supply 
there  is  a  steady  diiiiinutiuii  in  tlie  vohnne  owing  to  the  cHniatic  con- 
ditions of  the  area  which  are  represented  in  the  following  tal)les: 


Me.\n  Ti:Mi'i:ii.\Tri!i: — °C 


Jan. 
21-() 

Feb. 

Mar. 

2(;m; 

Apr. 
30-0 

May 
33-2 

.luiie 

32 -il 

July 

31-4 

Aug. 

31-3 

Sep. 

31-1 

Oct. 
31-3 

Nov. 
27-3 

Dec. 

23-1 

Year 

l\li;ii-t(>iiiii 

23 -S 

28- 1) 

Berber   . . 

111 -7 

21-8 

25-4 

21) -3 

33-8 

;$4-2 

33-1 

33-(; 

32-(; 

2'.) -8 

2") -3 

21-1 

28-3 

Meri)\ve . . 

•  • 

a   , 

27-4 

31-'.i 

:]-ro 

33-7 

34-3 

32-4 

31-3 

27-2 

2(1-3 

,  , 

Watii  Haifa 

loM) 

17-2 

21-'.> 

2f.-4 

30 -f) 

32-2 

32  Ml 

31-7 

30-3 

27-C. 

21-3 

17-1 

2') -3 

Aswan    . . 

14-0 

IS-o 

21-4 

2t;-] 

3(1-0 

32-4 

32-7 

32-4 

3()-3 

27- It 

21-7 

n-o 

2') -4 

Mean  maximi  m  tempeuatike. 


Jan. 

Feb. 

32-4 
32-1 

■2CrG 
28-0 

M:ir. 

Apr. 

3'.)-G 
311 -:• 
3l'r(; 

3(;-(i 

3(i-2 

May 

.Illlll' 

.Inly 

38-0 
42 -a 
41-2 
40-S 
41-5 

Aug. 

Sep. 

311-2 
42-.') 
311-8 
38-.-) 
31) -7 

0<t. 

31) -0 
311 -1> 

38-8 

3(;-2 

38-8 

N.iv. 

3") -8 
3.V4 
34  •  7 
21) -7 
31-7 

Dec. 

Year 

Kliartouni 
Berber   . . 
Merowe  • . 
Wa.li  Haifa 
Aswan    . . 

2C.-4 
30-4 

23-3 
22-'.l 

3(5 -1 
3f.-2 

32-4 
31-1 

42-0 

4:i-i; 
4o-(; 

311-7 
31) -1 

41-7 
44-.^) 
43-3 
41-4 
41-4 

37-1) 
43-4 
41-5 
40-0 
41 -1» 

32-0 
33-2 
28-1 
2r)-8 
27-3 

3G-7 
38 -G 

34-2 
3.J-0 

^IeAN    JIINIMIM     li:MI'i;i!.\l  IliH. 


.Ian. 

Feb. 

Mar. 
18 -G 

Apr. 

May 

.Icnie 

.July 

Aug. 

Sep. 

24 -G 

Oct. 

N.IV. 

20-5 

Dec. 

Ye.ii- 

Khartoum 

14-8 

17-4 

21-8 

2;V3 

2o-8 

24-11 

24-7 

23 -G 

lG-5 

21-4 

licrlwr    .. 

11-3 

13-r) 

18-2 

20-4 

2  ■>-('. 

2(1-4 

2G-3 

211-2 

27 -(t 

23-4 

111-1 

14-7 

21-1 

Merowe . . 

,   , 

,  , 

,    , 

ID-O 

24-2 

27-0 

2G-r) 

27 -It 

25 -It 

2:. -3 

20- It 

13 -G 

\\aaiHall;i 

11-0 

l)-8 

13-2 

n-f) 

21-11 

23 -G 

23-4 

23- It 

23-0 

20-4 

14-G 

10-lt 

17-G 

Aswan    . . 

11-0 

11-5 

13-8 

18-4 

22-0 

24-2 

24-7 

2.^)-0 

23-0 

20-7 

15-3 

11-4 

18-2 

Me.vn  range  (maximc.m-minimim). 


Jan. 

11 -G 

Feb. 
15-0 

Mar. 

17-5 

Apr. 

17-8 

May 

June 
15 -It 

July 

13-G 

Aii^. 

13-2 

Sep. 

14-G 

Oct. 

15-4 

Xi)V. 
15-3 

Dei-. 

15-5 

Year. 

Kliartouni 

lG-7 

15-2 

BorlK-r    .. 

20-1 

18 -G 

18-0 

ID -5 

18-0 

18-1 

lG-2 

14-2 

15-5 

lG-5 

14-5 

18-5 

17-G 

]\Ierowe. . 

,  , 

•  • 

•  • 

17-G 

lG-4 

lG-3 

14-7 

13-G 

13 -It 

13-3 

13-8 

14-5 

Wa.li  Haifa 

14-3 

lG-8 

20-2 

18-5 

17-8 

17-8 

17-4 

lG-1 

15-5 

15-8 

15-1 

14-11 

IG'7 

Aswan    . . 

13-1) 

lG-5 

17-3 

17-8 

17-1 

17-2 

lG-8 

IG-lt 

lG-7 

18-1 

lG-4 

15-11 

lG-7 

■211 


Mean  maximim  ioxtremh. 


Jan. 

;',t;Mi 

Vfh. 

:y.)'2 

Miir. 

Apr. 

May 

.In  lie 

44-7 

.luly 

42  •;5 

Aug. 

41-') 

Sep. 

Oct. 
41 -S 

Nov. 

Di'c. 

\,:n- 

Kluirtouiii 

;«)m; 

44-4 

44-4 

42 -C 

H!i";i 

.•JCMt 

41-0 

Bcrher   . . 

;',:)•  8 

.-{.ST, 

■12MI 

4 -)•;', 

4(;-i^ 

4i;-7 

41-,S 

4(]MI 

44 -S 

42 -S 

4(1-2 

.!;■■>•  7 

42-4 

Mevowc . . 

.. 

,  ^ 

,  , 

■i2'-2 

4r.Mi 

4(;mi 

42-") 

44T) 

42-."> 

4:i-() 

■'u-r, 

;i7Mi 

,  , 

Wadi  Haifa 

;iiM) 

.■5">"(; 

40-4 

44-2 

4r,-7 

4(1  •') 

44-1 

4;mi 

42-'.l 

42-4 

.•50 -5 

;52-i; 

4(1- r> 

Aswan    . . 

2'.l  •  2 

;53-;i 

.•i'.»-7 

44-!l 

4r)-i 

44-{; 

45-2 

44-;j 

42-2 

n-'> 

.8.2 

S2->^ 

40- 1 

Mkan  minimi  m  e.xthkme. 


Kliartoiiin 
Berher 
M('niw(> 
Waili  Haifa 
Aswan 


■Ian. 

Feb. 

12-4 

Mar. 

A,..-. 

i(;-7 

May 

10-1 

.III  111' 
21-4 

.luly 

Aug. 

20'2 

Sep. 

20 -it 

Oct. 

r.»-(» 

Nov. 
1(1-1 

Dec. 

'J -2 

13 -a 

21-1 

11-2 

;5-o 

4-0 

11-0 

Kl-d 

I'.l'2 

21-8 

21-') 

2:5Mi 

23 -S 

20-0 

13-8 

8-(l 

,  , 

,  . 

,   , 

14-II 

18-() 

2;i-() 

24-0 

2.V.^ 

22-. -J 

17-0 

14-0 

')  •  ') 

4-0 

4-8 

8  ••5 

11-2 

IC.-o 

lil-5 

l'.l-8 

20- 3 

18-11 

15 -It 

[}•') 

4-11 

4-11 

7-3 

;)-2 

i;mi 

17-(5 

2()'o 

21-'.t 

21 -.J 

ID'l 

i(;-4 

8-8 

4-3 

V.:ti- 

IC.-l 
15-4 

12-8 
13-8 


BIkAK    RKLATIVE    IirMIDITV. 


.Jan. 

2}i 

Feb. 

Mar. 

Apr. 

15 

May 

•22 

June 

July 

4(; 

Aug. 
50 

Sep. 

Oct. 

Nov. 

Dec. 
30 

Year 

KiiaitDum.. 

2C, 

17 

32 

43 

31 

29 

31 

Beilicr. 

48 

40 

25 

14 

lit 

18 

211 

24 

27 

30 

34 

30 

2!l 

Morowe  '   . . 

, . 

,  , 

,  , 

14 

14 

14 

18 

22 

2(; 

24 

30 

33 

Wadi  Halfu^ 

45 

38 

32 

24 

1!) 

21 

27 

32 

32 

3C. 

43 

4(; 

33 

Aswan 

51 

37 

32 

30 

25 

24 

22 

25 

30 

35 

44 

50 

34 

'  8  a.m. 

-  !l  a.m.  -|-9  p.m. 


8  a.m.  +8  p.m. 
frnm  IS'.liJ-I'.KKI.  ^ ! 111(11   to   I'.llU. 


VaPOIH    TKXSIOX    IX    MILUMETnF.S. 


Khartoum 
Berber  . . 
Mcrowc . . 
Wail  i  Haifa 
Aswan    . . 


Jan. 


Fell.    Mar.    Apr. 

I  I 


Mav  .luiU"    Juh 

"I  I       " 


5-4    4-(J 
7-3  '(;-2 

5-4   o-'.l 
5-3  !5*G 


5-1  8-2  '11-013-7 
4-4  7-7  I  (5-8  10-3 
3-47  5-08  4-i)4(;-82 

i;-2  |g-5  7-C)  |1)-(; 

7-4   7-8  8-4  l7-8 

I        I        I 


Ang. 

Sep. 

Oct. 

'.)-7 

XdV. 

7-1 

Dec. 
(■)-5 

15-3 

13-7 

8-8 

11 -7 

'.t-0 

8-0 

7-0 

8-00 

8-42 

c.-u 

7-17 

5-(;;i 

111 

102 

;•-:» 

8-1 

7-3 

8-0 

•••1 

'.)•') 

8-0 

{')•(; 

Year 

8-S 
7-.S 

7-  7 

8-1 
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MkAN    RkI.ATIVK    HlMimTY    AT    2   I'.M. 


Jiin. 

Keb. 

Mm- 

Apr. 

Mfiy 

June 

July 

All).'. 

Sep. 

o,i . 

Nov. 

D.'c, 

\,-Ar 

I'vlinrtoiim 

20 

IC. 

12 

12 

lo 

20 

2.S 

;-50 

■n\ 

lit 

17 

21 

10 

.Mcrowc    . 

,  , 

•   • 

.   . 

.) 

.) 

7 

;) 

'.( 

i;5 

12 

l.S 

l'.» 

,   , 

Aswiin    . . 

:}0 

22 

17 

17 

i:. 

lo 

i;3 

i:j 

l.S 

22 

2.') 

;5o 

20 

rKIiI(iI>S    CliVEUEM    liV    THE    KOREIiOING    TAIILES. 


Kliartouiii       July  moo-Dec.  ] '.104. 

Berber MinVli  r.)02-l)cc.  I'.KU  (rniniimim  for  lUO.i  ivjcctcl). 

Merowo April  to  l)o('('inl)('r  JIH),"). 

"Wiuli  HmUm I  February  LS'.IO  t.>  Dwcmher  ]!t(»4. 

Aswan I  .lamiarv  lOOl  to  December  ]'.K)4. 


Wadi  Haifa.— 

PEUCE.NTACil 

:  FKKguKxcY  or 

VIM'S 

IS'.ll- 

I'.M  10 

X. 

XE. 

K. 

SE. 

s. 

s\v. 

AV. 

N\V. 

Oiliii 

M,M 

iliii  ( ti<  II 

Janiiarv 

42-2 

17-'.t 

1-3 

(!-;3 

32-0 

N. 

ir  w. 

Febniaiv     .. 

.•{.■> -2 

i;!-s 

,   , 

,    , 

,  , 

0-4 

11  ") 

4S->) 

0-4 

N. 

21  w. 

March..      .. 

i.s-;i 

ic-o 

,  , 

i-;{ 

,  , 

.v4 

2-,S 

4;f7 

7-1 

N. 

24    W. 

April    . . 

27-1 

7-4 

2-0 

0-7 

;}-7 

,  , 

2-S 

47-3 

S-f) 

N. 

22   A\' . 

Mav     ..      .. 

14-] 

lO-'t 

]•;• 

2'2 

i-;-j 

4-.") 

2-1 

4(;-4 

7-3 

N. 

i:.  AV. 

•lune     .. 

17-.S 

i(;-;{ 

o;j 

i-;» 

1-3 

4-7 

3-6 

4S-1 

.")•(; 

N. 

2.")"  \V. 

.lulv      ..      .. 

;)  •  ;i 

14-7 

,  , 

2-;5 

0-3 

;>•;■) 

7-0 

.Wl 

O-'.l 

N. 

3(;"  A\- . 

August 

;^-4 

is-r* 

o-.-j 

2-0 

2-0 

(■.•;■> 

3-4 

r.i-.s 

im; 

N. 

:uv  w . 

Sc|iieiiii)er  . . 

17-.0 

n-") 

,  , 

1-7 

,  , 

,  , 

,  , 

(j7m; 

1-7 

iN. 

2Cr  W. 

October 

i21-l 

!")•!) 

1-2 

0-!) 

O'll 

2-.') 

0-3 

.-)]  •(•, 

:>•:> 

N. 

l-.i   AV. 

November  .  . 

1  ;5iM) 

14-8 

,  , 

,  , 

,  , 

1-7 

IMI 

'){)•:) 

1-0 

N. 

17'  W. 

1  )eceliiber   . . 

j  ;;o-(; 

14-3 

1-1 

•• 

0-8 

•• 

•• 

4S-,S 

13-(; 

N. 

20   AV. 

Year     ..      .. 

!  ...3 

OM". 

1-2 

2-t5 

3-5 

51MI 

4-4 

Merowe. —  Percentage  frequency  ok  winps  lllO;"). 


I'.Kl.-. 


April    .. 
May     .. 
. I  line 
.Inly     .. 
August 
Seiiteniber 
( )etober. 
Novenilier 
Decern  lier 


33 

2(; 
11 
ir, 

23 

i;i 

13 
17 
■)•) 


.')0 

e. 

•  • 

SE. 

s. 

•  • 

s\v. 

W. 

NW. 

r;ilm 

1 

10 

39 

2 

7 

11 

") 

4 

i; 

,    , 

").5 

(■) 

;i 

3 

;) 

4 

;) 

33 

2 

.3 

•> 

1.^) 

7 

23 

,    . 

3.S 

7 

■) 

16 

1 

13 

32 

2 

(') 

1 

10 

2 

2S 

CO 

3 

3 

.    . 

2 

•> 

11 

,    , 

70 

1 

,  , 

,  , 

9 

, , 

10 

,    , 

73 

•• 

1 

•• 

4 

•• 

Mi':iii  iliii'i-lii>;i 


N.  18"  E 

N.  -nr  E 

N.  33°  E 

N.  12°  AV 

N.  11"  E 

N 

y.  30°  E 

N.  30°  E 

N.  32°  E 
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75 

XE. 

•  • 

e. 

se. 

•  • 

s\v. 

\v. 

x\v. 
18 

Ciilin 

Mejin  directioii 

.I:imi;iry 

1 

•  • 

*  • 

6 

N. 

12    W 

Fcliriiarv     .. 

7(1 

2 

1 

.. 

•  1 

5 

22 

X. 

12  ^v 

Marcli . .      . . 

OS 

12 

3 

•  • 

•  • 

.. 

4 

13 

N. 

1    w 

A|.ril    ..      .. 

60 

10 

8 

2 

.• 

3 

1/) 

N. 

1    w 

May     . .      .  . 

U 

8 

12 

17 

•  > 

8 

") 

N. 

12°  E 

Juno    . . 

4,S 

7 

5 

13 

3 

U\ 

(■) 

N. 

13    W 

July     . .      , . 

30 

2 

4 

18 

12 

28 

•  • 

N. 

8i°  W 

August 

32 

4 

5 

k; 

*) 

24 

11 

N. 

73°  W 

S<'i)tenil)er  . . 

•2H 

C 

10 

23 

7 

13 

;i 

N. 

4.V   W 

October 

AC, 

10 

21 

7 

2 

.1 

(*> 

N. 

2.-)°  E 

Noveiiil)!'!-  . . 

.">7 

7 

8 

.. 

11 

18 

N. 

8^  W 

Doct'iiilier  . . 

78 

3 

1 

•• 

C 

•  • 

X. 

70  ^v 

Evaporation. — In  this  reach  of  tlit-  river  evaporation  is  at  a  niaxi- 
nunn  and  it  will  therefore  be  convenient  to  collect  together  such  data 
as  exist  which  hesir  on  the  loss  of  water  from  this  cause.  Evaporation 
depends  upon  the  temperature  of  the  water  surface,  the  humidity  of 
the  air,  the  rate  of  air  movement  over  the  water  surface  and  lastly  upon 
tile  atmospheric  pressure.  Thus  it  is  evident  that  values  of  the  depth 
of  water  evaporated  dailv,  which  have  been  obtained  under  a  certjiin  set 
I  if  cnnditions,  cannot  apply  to  other  situations  where  the  conditions  are 
different.  In  meteorologv  the  object  aimed  at  is  to  obtain  results  at  differ- 
ent places  which  shall  be  comparal)!e  with  one  another,  in  order  that 
the  part  played  by  evaporation  in  the  climate  of  the  region  may  be  under- 
stood. For  this  pur|K)se  a  single  pattern  of  evaporimeter  is  used,  wiiich 
is  exposed  as  nearly  as  possible  in  the  same  way  at  each  station,  but  the 
results  obtained  represent  the  loss  bv evaporation  from  astnall  free  water 
surface  exposed  under  these  special  conditions,  and  the  resulting  value 
cannot  l)e  applied  to  larger  surfaces  under  different  conditions  without 
due  precautions,  a.s  it  will  probably  require  correction.  In  Egypt  the 
Wild  evaporimetei'  has  been  used  for  some  time,  and  data  are  available 
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from  Alexandriii,   Port-Saitl,    Ahhassia,    Helwan,  Assiut   and   Aswan, 
wliicli  arc  "iven  in  the  t'i)ll()wiii<;  tahlo. 

MkA\    DAU.Y    EVAPORATION'    AS    MEASnUEl>    BY    A    WlI.D    EVAPOUIMETEIt 
IN    A    T1II:KM(,iMETEK    SCUEKN. 


.Months 

Al.E.XANDltlA 

Port-Said 

.VllBASSIA 

19(1 

19()5 
4-.- 

1903 

)     4-8 

1904 

1900 

1901 

1902 

1903 

1904 

1905 

1901 

1902 
I'l 

1903 

.l.imiMiv     

fi-f. 

i-i; 

fl-'l 

1-4 

2-4 

2-0 

1^2 

I''t'l>ni:ir\'  ... 

5  ( 

)   .-,•: 

.     -,-2 

(;•."! 

,  . 

1-7 

1-8 

1-.-. 

21 

2-5 

2-1 

1-4 

Mnivli    ■    

r,'i 

.->•: 

t     l!-l 

7-r, 

2-.) 

2  Ci 

I-(l 

3-4 

2-7 

3-2 

2-4 

April 

.■>•; 

>   (•>•( 

>    8-2 

7-2 

, 

2-8 

2-4 

1-9 

2-8 

3-1 

5*7 

5-0 

4-4 

Mnv    

;»• 

7*' 

>     S-0 

7-1 

, 

;;-o 

3  5 

2-3 

2-8 

3  0 

5*  1 

8-1 

(1-4 

•luiie 

:.-( 

'     t  *. 

.     7-(l 

7-4 

2-3 

2-1 

2^2 

2-1 

2-9 

3-3 

Ci'd 

(;-4 

(■■•8 

.July    

7- 

7- 

<   7-:; 

7'iy 

£.''l 

3-0 

2-.-. 

2-1 

3-2 

3-1 

5-8 

5  2 

5*7 

Auj;iist       

7' 

7- 

7   7  r, 

7-<> 

2-8 

:m 

2-2 

2  2 

S-f) 

2-7 

5-4 

*>*" 

5  • .-» 

Si'|itHnil>ir 

7- 

)    7 

■f     8-2 

7-4 

2  '."i 

'2'i\ 

2^1 

2-2 

2'7 

2-7 

3-7 

4-3 

4^4 

OrtiillPl-      

fi- 

>     8- 

1     7-(i 

0-8 

2-0 

2-.-. 

1'8 

1-8 

3-4 

3-0 

3-7 

4-5 

3-8 

Niiviiiibcr 

,~ . 

i     7- 

)   (;•.■. 

(;•(; 

2(1 

21 

2-0 

2-7 

2-.-. 

l«i 

2-2 

2  5 

2-4 

l)i(i-iiiber 

(;■ 

.5-9 

)     ",• 
-  lie 

1   .-)•(; 

-  (■.•S'.l 

4-4 

c-so 

1-8 

1-3 

1-7 

[2-21] 

2-11 

l-ll 

2-2 

l-C. 

1-8 
4-1- 

1-7 

Mean 

[2-27J 

2-42 

1  -98 

2-78 

2-7 

[4-42] 

3-81 

ASSIIT 

Aswan 

H.lwaii 

Months 

n[)ji«'rvat(try 

1900     I 

901   1 

2-r> 

!;02 
3-1 

1903 

1904 

190.-) 
2-0 

1901 

1902 

1903 

l'.K)4 

190.-. 
5-1 

1.101 

January    ... 

[2-71 

2-3 

[4-8] 

[5-2 
■7-8" 

[4T>] 
•5-0' 

."»'7 

3-2 

hel>rnary  ... 

4-2 

4-8 

3-(i 

3-1 

2-5 

■7-(> 

7-2 

7-2 

4-4 

Mar.li 

7-0 

7-0 

r.v.-.i 

4-1 

.-.■2 

■10-9 

o-r. 
loC 

7^7 

8-4 

f.-3 

(1-1 

April 

9-7 

'..•i; 

[8-7 

(■,•0 

C.-d 

■11-8 

10-2 

11-4 

10-1) 

9-2 

May 

..       1 

0-7 

41 

11-3 

8'(; 

9-.-< 

114-3 
[l(i-8" 

1.V7 

fll-91 

[13-2]   I2-i; 

10-(1 

•Iiine 

.. 

1  4 

.->•.•. 

[12  -'J 

in-8 

12-1 

l.T-2 

13-2 

15-3 

171 

12-7 

July 

.. 

C-I 

2-."> 

11-4 

10-(l 

11-2 

l.-i  2 

13-2 

13  I 

14-9 

11-0 

10-8 

Aiifiust      ... 

117 

4-;? 

2-9 

[9-7] 

Kl-I 

9-4 

14-8 
■1.-.-2' 

[13-2] 

12-3 

12-1 

17-7 

9-2 

Sfpti'inbcr 

u-.t 

9*  1 

9-4 

7-o' 

8-7 

(;•(! 

12-o' 

10-7 

10-8 

11-1 

9-1 

Oitohcr    ... 

r,-i 

.-)•(; 

(•■•9 

4-3 

(!-l 

4-9 

12-(; 

8-8 

9-2 

8-(; 

10-0 

8-9 

Niiveiiiber 

4-2 

3-r, 

4-4 

2-2 

•>■-, 

2-(l 

10  2 

.5-7 

f)-l 

r,-r, 

7-11 

3-8 

Decfiuber 

2-J 

$•38  f 

3-0 
$-C0 

[2-Oj 

[l-«] 

1-8 

r.-l 

[(;-3j 

[4-1] 

4-8 

4-1 

4-.i 
10-4 

3  (1 

Mean     ... 

[.•,•84]  f 

[G-72] 

[6-18] 

[11-71] 

[10-17] 

[9-or.] 

[9^78] 

7-80 

In  Upper  Egypt  evaporation  has  l)een  taken  as  7"o  mm.  per  day  in 
summer'  and  3  mrn.  per  day  in  Lower  Egypt,  or  5  mm.  and  '2  mm.  jier 
day  as  the  mean  values  for  the  year  ;  S  mm.  is  given  as  a  mean  value 
for  the  year'  while  1'2  mm.  is  also  given  as  the  average  amount  lost  by 
a  oanal  by  eva])orati()n  and  absorjition,  ■'  and  -S  mm.  is  taken  as  the 
probable  mean  daily  loss  from  the  surface  of  the  Aswan  reservoir \  ft 
seems  very  doubtful  wiiether  such  different  conditions  reall}'  give  any 
clo.se  agreement.     The  value  of  7'n  mm.  was  obtained  from  observations 


I  Willcocks.  "  Egyptian  Irrigation,"  London  1899,  p.  1 1. 
-  Ibid.  Table  viii,,  p.  .50. 
3  Ibid.  p.  63. 
*  Ibid.  p.  438. 
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on  lake  Quriiii  in  the  Fayuin  '  wliicli  fell  O'-JO  metres  in  (;0  days  (May 
and  June  18<S7)  while  canals  supplied  33(),0()O  cul)ic  metres  daily  in  ^lay 
and  210,000  in  June,  thus  giving  a  daily  loss  of  7"5  mm.  over  the  lake 
surface  which  is  taken  as  307  square  kilometres;  hut  this^rea  is  certainly 
too  large  as  the  area  of  the  lake  today  is  only  ahout  233  sfjuare  kilome- 
tres and  it  has  not  reduced  in  area  by  anything  like  23%  within  9  years. 
If  the  lake  be  taken  at  233  square  kilometres  the  deduced  value  for 
evaporation  will  be  10  mm.  Tiie  value  for  Lower  Egypt  is  derived 
from  the  fact  that  a  lake  of  380  square  kilometres  at  sea  level  received 
for  120  davs  two  million  cubic  metres  of  water  per  day  and  at  the  end 
of  the  period  had  risen  0'25  metre.  But  such  data  give  but  little 
information  for  determining  the  loss  from  river  or  canal  surfaces  except 
to  indicate  that  the  value  for  these  latter  is  certainly  higher.  Air  passing 
over  a  large  water  surface  such  as  those  above  referred  to  takes  up  a 
considerable  amount  of  water  vapour  at  first  but  its  capacity  for  doing 
so  is  thus  reduced  and  from  the  leeward  jiortion  of  the  lake  evaporation 
is  very  markedly  less  than  on  the  windAvaM  side.  At  Bombay  the 
annual  evaporation  from  different  areas  diminished  largely  as  the  area 
increased  : 

1  siiuare  foot  Ki.iKJO  si),  feet  lakes  i 

217  cm.  193  cm.  l.'iO  cm. 

Mazelle  has  shown  that  .salt  (sea)  water  the  rate  of  evaporation  is 
one-tenth  less  than  on  fresh  water  and  this  will  apply  to  .some  extent  to 
the  Qurun  lake  where  the  water  is  strongly  brackish.  It  is  therefore 
probal)le  that  the  loss  from  canals  and  river  surfaces  in  Egypt  is 
considerably  higher  than  7  nun.  per  day  in  sununer  but  no  careful 
determinations  have  been  made. 

Recently  the  results  of  the  Wild  pattern  evaporimeter  exposed  in  a 
meteorological  screen  ha\  e  been  compared  with  the  evai)oration  from  a 
surface  of  l(j  s<juare  metres  freely  exposed  to  sun  and  wind,  the  measur- 
ing pan  being  placed  in  the  centre  of  a  tank  of  water  4  metres  square. 

As  a  result  of  observations  extending  over  IGl  days  from  April  to 
October  this  open  exposure  showed  a  rate  of  evaporation  which  was  3S 
par  cent  more  than  was  given  by  a  Wild  pattern  instrument  expo.sed 
in  a  screen,  where  the  wind  velocity  is  greatly  reduced  by  the 
louvred  sides  of  the  screen,  open  however  towards  the  north.  The 
observations  were  made  at  Helwan  Observatory  which  is  situated 
on  the  desert  ])latean  about  DO  metres  above  the  Xile  and  about  3 
kilometres  from  the  nearest  cultivation. 


'  Ibid.  p.  438. 

2  Quart.  .Jour.  E.  Met.  Soc.  XX..  p.  TO 
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111  his  jiaper  on  tlio  Aswnn  rosorvoir  Fitzmniiricc '  considers  the 
results  of  the  Wild  evaponiiieter  to  be  inaccurate  l)ut  he  appears  iu)t  to 
have  realised  the  effect  of  different  conditions  and  tiikes  the  results  of 
the  normally  exposed  instrument  as  claiming'  to  ^ive  the  loss  from  a 
large  reservoir  surface.  Still  tlie  form  of  evaporimeter  used  at  the 
reservoir  will  not  <^i\'e  wholly  satisfactory  results  as  it  is  a  shallow  tank 
1  ujetre  S(juare  and  0'3  metre  deep  exposed  to  the  sun  hut  somt^what 
sheltered  from  wind  and  protected  by  fine  wire  iiettingdf  which  the 
side  of  each  square  is  2  mm.;  this  cannot  be  considered  as  reproducing 
tlif!  free  exposure  of  tlie  reservoir  surface  since  eva])oration  increas(^>  as 
the  S()uare  root  of  the  wind  velocity  and  a  tine  wire  cover  must  greatly 
interfere  with  the  free  removal  of  water  vapour.' 

The  following  tal)le  gives  a  comparison  l)etween  a  Wild  j)attern 
evaporimeter  exposed  in  a  dorJ)le-covered  Kenou  screen  and  tlie  open 
pan  as  used  at  the  Aswan  Reservoir.  This  pan  was  1  metre  scjuare, 
0*3  metre  deep  the  top  of  its  edges  being  level  with  the  ground  and 
the  tO])  covered  with  wire  gauze  25  squares  to  the  square  centimetre. 
It  was  j)laced  SO  metres  to  the  north  of  the  dam  on  the  Avest  bank  of 
the  river  and  was  somewhat  sheltered  from  the  pi'cvalent  wind  but 
exposed  to  the  sun.  The  loss  was  measured  daily  ;  about  J  to  ^  was 
allowed  to  evaporate  and  the  box  was  tlien  refilled. 

Mean  n.vn.v  kvai'okation  ix  mu.um ethics  neak  Aswan  Uesehvcuu 
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A  =  evaporation  as  measured  Ijy  Wild  evaporimeter  in  screen. 
B  =  evaporation  as  measured  liy  1  metre  scjiiare  pan  in  open. 
C   =  A— B. 
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»  Recent  experiments  made  at  Helwan  Observatory  hy  Mr  B.  V.  E.  Keeling'  appear  to  show  that 
evaporation  from  sucli  a  taidi  covered  with  this  wire  netting  is  about  3096  less  than  from  oiio 
witliout  it. 


—  2r,:]  — 

It  is  hardly  necessary  to  point  out  that  these  values  of  eva]i(>nition  from 
a  free  water  siu'faee  are  not  ap[)lieal)le  to  moist  or  wet  land  surfaces,  still 
less  to  land  carrying  vegetjition ;  here  the  conditions  are  greatly  changed. 

For  each  situation  special  determinations  are  required  on  accnunt  nF 
its  particular  conditions.  Eser'  gives  the  following  table  which 
exemplities  this  : 

Evaporation  in  uhammus  fuom  a  sniFACK  ok  100()  s(juauk  ckntimictuks. 
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If  the  surface  layer  is  so  thorouglily  dried  by  a  hot  sun  that  capillary 
attraction  no  longer  supplies  water  to  the  surface,  as  constiintly  happens 
in  Egypt,  evaporation  decreases  very  greatly  ;  experiments  have  shown 
tliat  such  drying  for  2  cm.  reduces  the  evaporation  to  34  %  for  quartz 
sand  and  ()(j  ^  for  calcareous  sand  while  with  an  8  cm.  layer  it  fell  to 
12  %  and  16%  respectively. 


Temperature  of  Nile  water. — The  temperature  of  the  Xile 
water  will  also  affect  evaporation  from  it,  and  a  considerable  number 
of  observations  have  been  made  which  have  been  fully  discussed  by 
rjuppy^and  from  them  he  deduces  the  following  table: — 
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'   Korstli.,  a.  il.  (iebifte  der  Asrikultur  I'liysik,  von  Wollny  I8SI.  p.  I. 
*  Kiiy  riiys.  Sof.  Kdin.  1894-5,  p.  33. 
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To  this  may  be  aildel   some  olwervatiuii.s  made  Ijy  Pcl'I'  lictvvecu 
September  12  and  October  28,  ISol. 
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At  Hawamdia  Sugar  Factory,  17  kilometres  above  Cairo,  the  river 
temperature  has  l)eeii  observed  daily  at  G  a.m.  and  4  p.m.  (G  p.m.  from 
February  7-March  14),  for  some  time  by  M.  C.  Koux  the  director  of 
the  factory-  and  they  form  a  \ery  instructive  series. 
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Seepage. — There  is  however  another  factor  which  is  much  more 
effective  than  evaporation  in  reducing  the  river  supj)ly.  In  liuinid 
climates  the  greater  part  of  the  rain  wliich  falls  sinks  into  the  ground 


1  A  ride  through  the  Nubian  Desert.  London  1852. 

-  I  am  iudel)ted  to  tlie  Societj  des  Sncreries  d'K;ry|itc  fur  thene  observations. 

3  At  6  i).m. 

*  1-14  March  (1  p.in 

^  15-31  Marcli  4  p.m. 
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.111(1  raises  the  water- tul>le  or  upper  siirl'aee  of  the  saturated  soil  or 
roek  mass.  This  surface  is  not  a  horizontal  one  but  ^■aries  consiiler- 
ably  according  to  the  facility  witli  which  water  can  pass  through  the 
soil  or  rock,  aud  with  the  number  of  places  at  which  wells,  rivers  or 
lakes  draw  off  the  water.  Rivers  and  lakes  therefore  arealmost  wliollv 
su|)plied  by  the  seepage  water  fi-om  tlie  water-table  in  tlie  ground 
which  is  situated  at  a  higher  level.  In  arid  countries  such  as  Egvpt 
and  most  of  the  Sudan,  where  rainfall  is  so  slight  as  to  be  nciiliiiiljle, 
the  water-tal)le  lies  far  below  the  surface  and  instead  of  being  a 
source  of  su])ply  to  rivers  flowing  through  them,  it  is  the  river  which 
loses  a  considerable  volume  of  water  which  percoljiles  into  the  soil 
towards  the  water-table  which  is  situated  at  a  considerable  deptii. 
Only  at  lowest  stage  and  clo.se  to  the  river  may  the  water-table  rise  a 
little  above  the  river  level,  and  show  itself  by  water  trickling  back  into 
tlie  river  as  occurs  between  Argin  and  Serra,  aljoiit  20  kilometres  north 
of  Wadi  Haifa,  and  at  other  places.  The  next  stage  is  when  the  river 
does  not  sup[)ly  enough  water  to  keep  the  water-table  as  high  as  the 
river  in  its  immediate  neighbourhood  ;  then  the  bed  is  dry  though 
water  may  occur  in  isolated  pools  or  may  be  obtained  by  di<'o-in<>-. 
The  Atbara  represents  this  in  the  first  half  of  the  year  before  the 
rains  begin  in  Abyssinia,  as  do  many  wadies  throughout  both  Egvpt 
and  the  Sudan. 

Investigations  are  now  in  hand  to  determine  the  order  of  loss  of 
water  from  this  cause.  From  a  certain  number  of  measurements 
which  have  been  made  from  time  to  time  during  the  present  low  sta"c 
(1905-6),  when  the  Atbara  had  ceased  to  supply  it  a2)pears  that  the 
loss  of  water  by  seepage  into  the  Nubian  sandstone,  where  tlie  river 
flows  on  the  sandstone  and  not  in  an  alUn  ial  plain  of  fine  deposited  silt, 
amounts  to  approximately  120  cubic  metres  per  second  between  Kliar- 
toiim  and  Sarras  at  the  beginning  of  Februarv,  190(5,  or  10  %  of  tha 
volume  discharged,  and  1,50  culiic  metres  per  second  between  Sarras 
and  Aswan  when  the  reservoir  is  full.  This  amount  decreases  as  the 
river  falls  and  at  lowest  stage  the  water-tjible  appears  to  return  water 
to  the  river  to  a  small  extent. 

Topography  and  geology. — Ik'tween  Khartoum  and  .\swan 
the  geological  structure  has  most  effect  in  the  reaches  of  steeper  slope 
which  form  the  cataracts,  while  elsewhere  its  effect  is  less  evident.  It 
will  therefore  be  more  convenient  to  combine  the  topographical  and 
geological  descriptions. 


Tlie  lilue  Nile  iiioet.s  the  White  Kile  at  Kliartiium  at  i-i<;lit  aiiglert 
and  the  combined  istreani  now  flows  in  a  wide  and  comparatively  shallow 
channel  (Plates  XXXIII  and  XXXIWj)  with  rednced  velocity  so  that 
sand-l)anks  are  numerous.  The  rocks  on  either  side  of  the  valley  are  at 
sandstone  and  rciich  no  great  heij^ht.  At  7(5  kilometres  from  Khartoum 
the  river  passes  through  tiie  narrow  gorge  known  as  Shaliliika  and  it  is 
a  point  of  some  interest  to  determine  why  tlie  river  has  cut  its  way 
throu'di  this  hill  mass  of  crystalline  rocks  which  rises  to  about  1 20  metres 
above  the  plain  which  here  is  open  and  slopes  gently  towards  the  river. 
No  detailed  investigation  of  this  spot  has  yet  been  made  but  the  following 
account  indicates  the  jirincipal  characteristics  of  this  rock  mass. 

It  is  comj)Osed  of  an  ancient  group  of  volcanic  rocks  which  have 
b(!en  penetrated  by  more  recent  dykes  of  felsite,  while  in  the  gorge 
itself  these  make  up  the  main  mass  of  the  rock  exposed.  So  far  as  a 
cursory  examination  showed,  no  special  fracture  or  other  liiu;  of  weiik- 
ness  has  determined  the  course  taken  by  the  river.'  Tiiis  would  appear 
to  indicate  that  the  Nile  has  slowly  cut  its  way  into  these  crystalline 
rocks  at  a  time  before  the  surrounding  country  had  been  eroded  to  its 
present  level. 

Discharires  were  measured  here  from  June  to  October  1908  at  a 
point  about  2  kilometres  down-stream  of  JeVtel  Royan.'  This  gorge  or 
cataract  is  given  by  Chelu '  as  falling  13  metres  in  a  length  of  LS  kilome- 
tres ;  below  this,  where  the  velocity  again  moderates,  sand-banks 
and  islands  are  numerous.  A  survey  of  the  Khartoum-Shabhikii 
reach  which  has  just  been  completed  shows  the  water-slope  (20  Jan- 
uary 190())  to  be  8-0  metres  in  80  kilometres  from  Khartoum  to  the 
head  of  the  o-oro-e  and  onlv  0'24  metre  in  the  7'5  kilometres  of  the 
gorge  itself. 

At  Shendi  the  river  bends  northwards,  which  direction  it  maintains 
until  Abu  Hamed,  receiving  on  its  way  the  Atbara,  its  last  tributary,  at 
a  point  139  kilometres  below  Shendi  and  40  kilometres  above  Berber. 
Here  the  alluvial  plain  deposited  by  the  Atbara  covers  all  the  underlying- 
rocks  but  at  a  short  distance  north  of  Berber  crystalline  rocks  occur. 
About  45  kilometres  down-stream  of  Berber  is  the  beginning  of  the  Fifth 
Cataract  caused  by  these  crystalline  rocks,  and  another  short  length  of 
rapids  occurs  about  40  kilometres  further  down-stream.  Beyond  this 
on  rcachin"-  Abu  Hamed,  208  kihjmetres  from  Berber,  the  river  divides 


I  Contributed  by  Dr.  \V.  F.  Hume  F.G.S. 

S  See,  p.  2.'i;i. 

»  -'Le  Nil,  le  Soudan.  rE-viitc."  I'ari^  IS'.il.   p.  :W. 


JUNCTION   OF  THE   BLUE  AND  WHITE   NILES 
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into  two  braiiclies  which  incliide  thi;  lar^e  island  of  Mograt  oO  kilome- 
tres long,  and  then  bends  sharply  to  the  west  and  south-west  towards 
Merowe  and  Dongola. 

It  has  been  more  than  once  suggested  that  a  canal  should  be  made 
from  this  point  to  Korosko  to  avoid  this  Ix-nd  and  the  three  cataracts 
which  lie  in  it.  Malesieux  '  describing  the  principal  public  works  which 
■were  being  executed  in  Egypt  in  1850  st^ites  that  a  line  of  levels  had 
been  carried  across  from  Korosk(j  to  Abu  Hamed  under  Mougel  I'cy  in 
order  to  study  the  project. 

in  1898  Abbate  Pasha"  revived  the  i)rojcct  and  urged  that  it  would 
be  of  benefit  to  that  part  of  the  Sudan  as  well  as  to  Egypt  though  it 
appears  far  from  offering  such  advantages  as  would  compensate  for  the 
cost  and  difficulty  of  execution.  He  apparently  believed  that  from  Abu 
Hamcd  the  ground  almost  immediately  sloped  northwards  to  the  great 
Wadies  ^landera  and  (jabgabba  which  carried  a  former  drainage  to  the 
Nile  Avhere  the  Wadi  Allagi  meets  it  to  the  north  of  Korosko.  Hut 
actually  the  watershed  is  40  kilometres  to  the  north  of  Abu  Hamed 
forming  a  ridge  which  woidd  have  to  be  pierced,  while  at  low  stage  of 
the  river  any  reduction  of  the  water  passing  Dongola  and  \\'adi  Haifa 
would  be  a  serious  matter  ;  moreover  the  evaporation  from  the  surface 
of  this  proposed  canal  would  amount  at  a  moderate  estimate  to  at 
least  10  cubic  metres  per  second  in  the  hot  months,  in  addition  to  the 
loss  from  this  cause  on  the  Abu  Hamed-Dongola-Wadi  Haifa  reach  of 
the  river. 

About  100  kilometres  from  Abu  Hamed  a  long  stretch  of  broken 
water  begins  in  which  the  river  is  constantly  divided  into  two  or  more 
arms,  by  rocky  islands  often  of  considerable  size.  The  rapids  of  Shirri 
islauils,  called  Om  Deras  by  Chelu,  are  the  first  and  soon  after  follow 
the  Kirbekan,  Kahmi,  El  Mushani  rapids  and  others  :  the  whole  reach 
of  the  river  from  100  kilometres  downstream  of  Abu  Hamed  to  a  point 
a  little  upstream  of  Jebel  Barkal  and  about  18  kilometres  above  Merowe, 
some  1:^0  kilometres  in  all.  has  a  considerable  slope  and  in  fact  forms  a 
single  group  of  rapids,  the  so-<'aUed  Fourth  Cataract.  Chelu  makes  the 
total  fall  from  Abu  Hamed  al>out  50  metres  giving  for  the  distance  of 
240  kilometres  from  this  place  to  Merowe  an  average  slope  of  1  in  4,800. 
The  recent  mil  way  survey  gives  the  difference  in  level  of  the  water- 
surface  at  the  end  of  June  li)04,  between  Abu  Hamed  and  Kareima 
as  67  metres  in  about  232  kilometres  or  about  1  in  3,500,  which  is 
certjiinly  the  more  reliable. 

*  "Aiiiiiiles  des  Fonts  ct  Cliaussees,"  Paris  1851,  p.  ISO. 
>  " I.f  Ciinal  Abbas." 
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From  Merowe  to  Doiigoln,  a  distuiire  of  1^70  kilometres,  the  river 
Hows  in  ii  large  curve  iVee  from  rocky  obstruetions  ami  with  cultivateil 
banks,  while  to  the  north  of  Dongola  the  alluvial  i)lain  widens  to  form 
the  fertile  island  nF  Argo.  Sixty-six  kijuinctres  north  is  the  Ilanuck 
cataract,  and  here  again  the  crystalline  rcK-ks,  which  since  the  end  of  the 
4th  cataract  above  Merowe  have  been  hidden  beneath  a  deposit  of  sand- 
stone again  ap])ear.  This  cataract  of  Haunek,  which  with  that  of 
Kaibar  has  been  mapped  and  described  by  (iottljerg '  is  according  to 
him  ('--l"  kilometres  long  with  a  fall  of  the  water  surface  of  ifiyi') 
metrics  at  low  stage  and  H"20  metres  in  flood  (!<?")()) "  which  is  made 
np  of  seven  drops  of  various  sizes  the  steepest  being  0"<S6  metre  in 
GO  mt'tres. 

This  region  was  geologicall)' examined  in  1902  by  Dr.  AV.F.  Hume 
who  found  that  in  the  southern  portion  of  the  cataract  the  fundamental 
rock  is  gneiss  which  is  traversed  by  bands  of  granite,  and  thesi;  give 
rise  to  rapids  whenever  they  occur  in  consequence  of  their  superior 
power  of  resistiuice  to  the  erosive  action  of  the  river  ;  further  down  the 
cataract  the  rocks  ai'e  of  the  same  character  except  that  in  the  jjlain  on 
the  western  side  patches  of  white  marble  occur  as  intercalated  bands, 
but  it  is  still  the  granite  dykes  which  form  the  successive  grou2)s  of 
rapids. 

Kaibar  Cataract,  63  kilometres  below  Hannek,  is  much  shorter  being 
only  400  metres  in  length  and  causing  a  fall  in  the  water  surface  of  3".5 
metres  at  low  stage  and  0"30  metre  at  high  flood  (LSoG),"  when  it  is 
practically  invisil)le.  It  is  caused  by  a  low  belt  of  gneiss  Avhich  rises 
beucnrli  the  overlying  sandstone  and  has  been  brought  to  light  by  the 
river  iiaving  cut  down  through  this  upper  rock.* 

Bevond  Kaibar  the  river  is  unobstructed  for  110  kilometres  when 
the  Amara  rapids  are  reached,  but  these  form  no  serious  obstacle,  and 
are  succeeded  by  38  kilometres  of  clear  water  before  the  Dal  cataract. 
The  Amara  rapids  are  caused  by  a  mass  of  schistose  rocks,  while  at 
Dal  a  coarse  granite  forms  the  river  bed  and  the  islands  which 
separate  the  stream  into  several  branches.* 

The  Akasha  ra])ids  occur  at  a  point  where  the  Nile  flowing  east  and 
west  for  a  short  (list^uice  meets  the  gnei.ss  which  is  striking  north  and 
south  ;  after  the   rnpids  the  river  tin-ns  northwards  and  flows  parallel 


1  •■  Les  Civtnr.-K-U's  ilii  Xil."  Paris  18fi7. 

'  This!  was  ii  high  Hood  rising  to  0-.S3  mutiv  above  thf  mwiii  inaxiniiini  ivadiiig  at   UoUa  for  the 
ysars  1S2.-.- 1872  see  Chap.  VIII. 
3  G  )ttl):'rg  loc.  cit. 
*  Dr.  W.  K.  UmiiB. 
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to  the  direction  o£  the  beds  of  gueiss.  It  is  proljaljly  this  stnictiu'e 
which  has  deteniiiiied  a  characteristic  feature  of  the  river  in  this  part, 
namely  that  it  consists  of  northerly  reaches  interrupted  by  short  lengths 
Avliich  run  almost  due  east.* 

IJeyond  this  [Joint  an  intermixture  of  granite  and  schists  occur,  the 
former  giving  rise  to  the  small  rapids  of  Taiijur,  Anibigol,  and 
Wadi  Atiri,  after  which  12  kilometres  south  of  Sarras  is  the  gorge  of 
Semna. 

At  this  point  a  band  of  red  and  grey  gneiss^  forms  a  barrier  across 
the  river  over  which  it  flows  in  flood  but  at  low  stage  it  passes  through 
a  narrow  central  channel  about  4U  metres  wide,  (see  Plate  XXXIVA.). 

The  foliation  planes  of  this  I'ock  strike  parallel  to  the  direction  of 
the  river  and  dip  to  the  south-east,  being  very  fissile  ;  the  annual  scour- 
ing of  the  rock  by  silt  and  sand  carried  down  by  the  river  flood  has 
polished  the  sloping  sheets  of  rock  while  dee^j  pot-holes  have  been  worn 
in  the  barrier.  There  is  certainly  at  this  point  an  exceptionally  large 
amount  of  erosion  taking  [)lace  as  the  flood  waters  slowly  gi'ind  down 
the  barrier  of  gneiss.  This  place  is  of  special  interest  as  there  is  also 
historical  evidence  that  a  very  considerable  amount  of  the  barrier  has 
been  removed  by  the  river  within  the  last  4000  years.  There  seems 
to  be  little  doubt  that  this  has  actually  taken  place  but  it  is  desirable 
that  it  should  be  confirmed  by  a  study  of  the  alluvial  deposits  up-stream 
of  the  barrier  where  there  should  be  clear  evidence  of  so  marked  a 
change  in  the  water  level. 

In  this  section  about  450  metres  wide  the  Xile  flows  betwen  two  hills 
called  Semna  and  Kunnia  on  each  of  which  is  an  ancient  temple  stand- 
ing within  the  walls  of  a  fortress  of  the  XII  Dynasty.  Eighteen  in- 
scriptions on  the  west  bank,  first  noticed  by  Lepsius,  record  the  height  of 
certain  NUe  floods  in  tlie  reigns  of  Amenemhat  III,  Amemenhat  IV  and 
the  first  two  kings  of  the  XIII  Dynasty,  covering  a  2)eriod  of  about  50 
years  from  LSOO  to  1 7.")(l  b.c'  and  show  that  the  level  of  these  floods  was 
about  7'30  metres  above  those  of  the  present  time.  This  would  have 
submerged  the  Wadi  Atiri  raiiids  and  given  naviu-able  water  from 
Sennia  to  Ambigol. 

At  ((cniai  a  short  distance  above  the  \\'adi  Haifa  or  Second  Cataract 
a  l);u-  of  massive  granite  with  diorite  cuts  across  the  river  forming  four 
islands,  but  the  main  cataract  below  is  wholly  different  in  its  structure. 


»  Dr.  W.  F.  HuiiK-. 

»  l};ill.  Quart,  .tour.  Oeul.  Sue.  vol.  1,IX.  \'MX  \>.  Gr.-7'.l. 

3  Cf.  Hi.rchanlt.  '•  Zeitsfh.  Ai'<r\ pt.  Spracliu."   I-eipzij;  IS'J'.i.  |,.  UH. 
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Here,  instead  of  a  lew  granite  reefs  eacli  fomiing  a  series  of  ra])i(ls,  we 
find  numbers  of  islands,  some  GO  being  fairly  large,  while  the  total 
number  reaches  about  200.  Granite  and  gneiss  are  rare  and  the  principal 
rocks  are  a  series  of  dark  hornblendic  rocks,  which  are  often  murh 
cinshed,  and  are  cut  by  numerous  dykes  of  dolcrite  and  other  rocks, 
e  nbling  the  river  to  erode  a  network  of  chaiuiels  most  of  which  are 
sli  dlow  and  dry  at  low  stage. ' 

From  Wadi  Haifa  to  Aswan  Cataract  the  river  is  navigable!  and  free 
from  rocky  barriers.  A  marked  feature  is  the  series  of  well-built  spurs 
of  larefc  boulders  which  have  been  placed  at  rii^ht  auifles  to  the  bank  to 
cause  (lc[)Osii  of  silt  which  can  be  cultivated  at  low  Nile  ;  similar  ones 
occur  in  the  neighbourhood  of  Hannek.  The  boulders  are  darkened  by 
long  exposure  and  they  proljably  date  from  ancient  Egyptian  times 
tliough  there  seems  no  evidence  to  connect  their  construction  definitely 
with  Uamses  II  as  has  been  stated."  In  this  rejich  only  sandstone  is 
met  with  until  the  villages  of  Abu  Hor  and  Kalabsha  where  granite 
with  diorite  veins  again  occurs. 

The  first  .or  Aswan  Cataract  is  again  different  in  some  degree 
to  the  Second  and  Third  Catiiracts  ;  the  islands  which  fill  the 
i-i\c,'r  bed  at  this  point  are  due  rather  to  the  lines  of  weakness 
caused  1»\-  faulting  than  to  dykes  of  a  less  resistant  rock.  There  has 
been  considerable  movement  and  crushing  in  former  times  and  the 
soft  rock  which  was  met  with  wluiii  the  foundations  of  the  Avestern 
portion  of  the  dam  were  being  excavated,  was  such  a  crushed  and 
schistose  mass.''  It  has  been  stated  that  on  other  lines  of  section  contin- 
ous  solid  granite  occurred '  but  the  geological  examination  of  the  cataract 
affords  no  support  to  this  contention  and  there  is  no  doubt  but  that  the 
water  channels  are  everywhere  determined  by  less  resistant  rock  which 
has  usually  been  crushed  along  lines  of  faulting. 

The  effect  on  the  river  of  these  ridges  of  crystalline  rocks,  which 
form  rapids  and  cativracts  at  numerous  points  batween  Khartoum  and 
Aswan,  is  to  delay  the  formation  of  a  regular  slops  or  grade  since  th:'v 
oft'er  a  much  greater  resistance  to  the  erosive  action  of  the  stream  than  do 
the  alluvium  and  sandstone  which  cccur  between  them.  Thus  we  have 
a  series  of  reaches  with  a  low  slo])e  separated  by  short  lengths  of  rapids 
where  the  slope  is  greater  and  where  the  erosive  action  of  the  river, 


I   Dr.  W.  V.  Hiini.'. 

*  Ei;yi)tian  Irrigation,   p.  31 . 

3  Dr.  J.  Ball.  Tlie  Geology  of  the  Aswmii  Cataract,  Surv.-y   D  v)t.  C.iir.j  (in  tli!  |)ro.ss), 

<  riic  Nile  UfServoir  Dam  at  Aswan,  I.Dnilini  I'.lOl.  p.  7. 
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especially  in  Hood,  is  wearing  away  the  ol)struction.  No  detiulcd  exam- 
ination of  the  Shai)Uika  gorge  or  of  the  4th  and  ")th  cataracts  has  yet 
heen  undertaken  to  sliow  if  these  have  been  appreciably  eroded  in  recent 
times,  but  at  Hannck  Gottl>erg  states ''  that  river  alluvium  occurs  3'5 
metres  above  the  ]>resent  Hoods  thus  showing  that  this  amount  of  erosion 
has  tiiken  place  comparatixely  recently.  At  Semna  Ball'  has  maintained 
that  the  position  of  flood  marks  of  the  XII  Dynasty  (1875  B.C.) 
8  metres  above  present  flood  level  is  due  to  the  erosion  of  this  amount 
from  the  barrier  of  gneiss  which  here  crosses  the  valley  ;  the  height  of 
the  cultivated  flood  plains,  which  are  well  al)0ve  the  present  floods  at 
places  such  as  Derr,  also  bears  witness  to  the  slow  grading  of  the  river 
bed  wliich  lias  heen  nuich  retarded  by  tliesc  hard  rocky  bars  occurring 
in  it.  Without  tiiem  the  Nile  from  Khartoum  to  Aswan  falling  about 
275  metres  in  l<S7o  kilometres  would  have  a  slope  of  1  in  (),800  instead 
of  a  number  of  more  lewd  reaches  ;  for  example,  from  ^lerowe  to 
Hannek  the  river  falls  about  30  metres  in  ,H3G  kilometres  or  1  in  11,200; 
from  A\'^adi  Haifa  to  Philae  Island  it  falls  29  metres  in  345  kilometres 
or  1  in  11,900.  The  mean  slope  from  Khartoum  to  the  sea  is  1  in  (S,200 
so  that  when  the  rock  barriers  are  finally  removed  the  grading  of  the 
river  bed  will  entail  a  consideral)Ie  steepening  of  the  slope  in  Egypt 
where  from   Aswan  to  Cairo  it  is  at  jirescnit  1  in  13,000. 

Under  these  circumstances  it  will  be  seen  that  the  Nile  below  Khartoum 
is  a  river  in  a  comparatively  earh-  stage  of  its  development,  and  is  still 
a  long  way  from  having  graded  its  bed  to  a  nearly  uniform  slope. 

Hydrography. — The  old  Khartoum  gauge  was  erected  in  1864,' 
when  Musa  Pasha  was  (governor  of  the  Sudan,  and  daily  rcadinys 
were  taken  from  the  first  commencement  of  the  rise  till  the  flood  was 
past.  It  is  not  known  whether  these  began  in  1805,  but  only  series 
of  daily  gauge  readings  at  Khartoum  which  now  exists  is  from  18(i9  to 
1883  ;  these  were  taken  daily  from  about  the  middle  of  May  till  the  end 
of  October,  or  the  early  part  of  November. 
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These  Avere  inteiTupti'il  hy  tlu'  Mjilidist  revolt,  and  were  not  rosunicil 
until  1900,  from  which  date  they  have  been  recorded  daily  throughout 
the  year  up  to  the  [ircscnt  time.  It  has  not  hecii  possil)le  to  determine 
the  site  o£  the  old  gauge  of  lS6i)-<S3  with  sufficient  accuracy  to  refer  the 
readings  of  tlu>  ])rescnt  gauge  to  it.  The  gauge  in  use  todav  is  opposite 
the  office  of  the  Department  of  Works  on  the  left  bank  of  the  IMue  Nile 
about  4  kilometres  upstreivm  of  its  junction  with  the  ^Miite  Nile  (see 
Plate  XXXIIl)  and  about  H  kilometres  below  the  point  where  the 
discharges  were  taken.  Its  zero  was  found  to  be  8()9'1  metres  (1213 
feet)  above  Suakin  sea-level  according  to  the  recent  railway  survey,  or 
o7G  metres  (1238  feet)  above  tiie  Mediterranean  sea-level  according  to 
the  railway  survey  from  Wadi  Haifa  to  Abu  Hamed.  Previous  levelling 
had  given  378  metres  for  the  altitude  of  Khartoum,'  a^iparently  for  the 
general  ground  level,  proliably  based  on  a  line,  of  le\'els  carried  by  Ismail 
Pasha  el  Felaki,  the  astronomer,  from  Suakin  to  Shendi,  by  which  lie 
determined  flood  level  of  LSCtJ  at  Shendi  to  be  3()3-23  metres  and  the 
low  stage  of  1867  to  be  354"7()  metres  above  sea-le\el.  The  railway 
line  here  according  to  the  railway  levels  is  371"5  metres  (1218  feet). 
From  these  somewhat  discre])ant  data  it  seems  very  probable  that  tlu; 
true  level  of  the  zero  of  the  gauge  is  not  far  from  370  metres  which 
is  the  value  Avhich  the  Irrigation  Department  has  assumed  for  the 
present. 

ii'/.sY'  (it  Khaiioum. — At  Khartoum  the  rise  commences  quicklv  ;  for  a 
few  days  the  gauge  shows  a  slight  increase,  and  then  rises  steadily.  In 
most  years  there  are  small  rises  and  falls  which  interrupt  the  steady 
rise,  due  to  variations  in  the  volume  of  water  poured  in  by  the  different 
tributary  streams  in  the  upper  reaches  of  the  river.  In  the  mean  curve 
taken  from  fourteen  years  (18()i)-83),  Plate  XXXY  these  irregularities 
do  not  appear,  and  a  steady  rise  is  shown,  Avhich  varies  from  one  metre  in 
fifteen  days  at  first  to  (me  metre  in  ten  days  at  the  end  of  July.  In  tlie 
middle  of  August  the  rise  becomes  sIoav,  and  the  flood  stage  is  reached 
usually  at  the  end  of  the  first  Aveek  in  September.  The  fall  the  n 
commence.s,  and  by  September  20  is  Avell  advanced,  the  gauge  falling 
a  metre  in  about  sixteen  days. 


'  Tissot  "Statistique  de  TEgvpte,"  Cairo.  1873. 
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Similar  mean  gauge  curves  are  givi-ii  on  Plate  XXX \  for  \\  aili 
Haifa  and  Aswan.  Though  these  are  not  for  the  same  fourteen  years 
as  the  Khartoum  curve,  all  the  three  probably  differ  but  very  little 
from  the  true  mejui  curves,  and  may  be  compared  with  one  another 
without  introducing  any  error.  They  are  similar  in  general  character, 
but  differ  somewhat  in  the  shape  of  the  curve.  NYhile  the  Khai-toum 
curve  rises  at  once  and  with  a  fairly  regular  increase,  those  of  Wadi 
Haifa  and  Aswan  rise  very  slowly  for  the  first  three  weeks,  and  then 
a  more  rapid  rise  takes  place. 

This  is  clearly  shown  in  the  following  table,  taken  from  the  mean 
curves  : — 
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The  delav  of  the  rise  at  Wadi  Haifa  is  due  to  the  amount  of  water 
which  is  taken  up  by  the  sandbanks  and  the  low  shallow  reaches  between 
the  cataracts  when  the  flood  first  comes  down.  About  a  month's  delay 
is  caused  by  this  together  with  the  move  of  the  fiood-wave  from 
Khartoum  to  Aswan,  before  the  flood  can  be  said  to  be  rising  rapidly 
at  Wadi  Haifa,  where  the  first  rise  is  felt  apparently  about  fifteen 
davs  after  the  rise  has  commenced  at  Khartoum.  The  fall  be^rins 
at  Khartoum  aI)out  September  20,  and  at  Wadi  Haifa  and  Aswan  a 
few  days  later. 

The  fifteen  years  of  gauge-readings  at  Khartoum  from  1809  to  1S83 
do  not  cover  exactly  the  same  period  of  each  year.  Though  in  ten  years 
the  readings  begin  on  the  Sth,  i)th,  or  10th  of  May,  in  the  first  five  years 
it  is  not  until  the  ISth  or  iOth,  while  they  end  on  various  dates  from 
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Septembei'  o  to  November  <S.  It  is  not,  tlierefure,  (juite  certiiiii  tliat  the 
absolute  lowest  reading  of  the  year  is  recorded  ;  but  in  all  cjises  the 
lowest  reading  given  must  be  very  near  it,  while  in  every  year  except 
lS(!n  the  inaxiimini  can  be  found  without  any  doubt. 

The  folluwiny  table  g-ives  the  lowest  and  hijjhest  readinjis  recorded, 
together  with  the  range  for  each  year :  — 


W'A)- 

LnWHst 

;r:iii^c-iv:uiiiiii 

It  nii^(^ 

iiii'tres 

inctreH 

tlU'll'cs 

ist;;) 

.V44 

1. •{•.■)() 

s  •(>(■. 

J.S70 

-)-4U 

i;{-;i2 

7-it2 

1.S71 

f)-4,s 

13-(Kl 

(;-.-)2 

1.S72 

(;■")!> 

i:{-;m 

('.•(i'.l 

is7;i 

t;-4,s 

12-42 

.V'.t4 

1.S74 

{\-'u 

i;!-77 

7.2(» 

1S7:) 

(■.•4.S 

1:5 -2:) 

(;-77 

].s7t; 

(;-4s 

i;5-r.() 

7-(»2 

1.S77 

t;T)2 

11-74 

r)-2() 

1.S7S 

(IT)") 

14-(h; 

7-r)i 

]S7'.l 

7".t;5 

i;^-;52 

;V:5'.I 

]SS(l 

5-82 

12 -8U 

t;-<)() 

ISSl 

r>-i)-2 

1:5-2:5 

7-;5i 

]<S(I2 

■)-44 

12- (;4 

7.20 

iss;', 

'y'.yj 

i;5-;!4 

7-42 

Means 

Cr2C> 

1:5-14 

o-.s.s 

];i(H) ' 

-0-4.S 

+  C)-27 

(•.-7;') 

r.ioi 

—  (••(IS 

+  (•.-](! 

(M8 

]'.t()2 

— o-io 

+  .")-")(» 

r>.t;o 

]'.to;{ 

— 1)-2(; 

+(;-2() 

(i-4(; 

l'.l()4 

-O-dl 

+.')-(;4 

.')-(■)") 

i;to5 

-0-2') 

+.v:)4 

1 

")-71» 

Dr.  Peney "  gives  the  mean  range  of  the  Xilc  here  as  (\  metres  as  the 
mean  of  ten  years'  observations  between  1<S40  and  18()0,  but  this  would 
seem  to  be  too  low  a  \alue. 

The  Kile  is  at  its  lowest  at  Khartoum  in  the  middle  of  May,  just 
before  the  White  Nile  begins  to  rise,  and  when  the  Blue  Nile  Ho.)d  hns 
not  yet  arrived.  For  the  twenty-one  years  1869-1S,S;^  and  1900-190'), 
the  average  date  of  the  lowest  gauge-reading  at  Kliartoiun  was  May  11  ; 
the  extreme  dates  being  April  16,  1900,  and  May  29,1S82. 


'  A  ililTcri'iit  ^aiijjro. 

'  Hull.  Sof.  (icog.,  Paris.  .Inly,  lyiiS,  p.  :«. 


MEAN  CURVES  OF  NILE. 


PLATE  XXXV. 


NOTE  :    The  (pace  between  horizontal  line*  repreeents  1  metre  riee  of  water  eurface. 
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The  hii>hest  level  at  Khartoum  is  usually  reached  earl}'  in  September, 
the  earliest  date  in  these  years  being  Auji'ust  1  H,  and  the  latest  Se|)teml)ar 
29,  1881,  when  the  Abyssinian  rains  were  nnusmdly  ])rolonj^'ed,  thonj;'li 
they  were  not  heavy.  The  mean  date  for  the  maximum  deduced  from 
these  years  is  September  G,  and  the  iriean  deviation  from  this  date  is 
ten  days. 


Year 

Date  i)f  lowest 
reading 

Dirt'ereuce  friim 
mean  ditte 

l):iU'  (if  lii(,'li."st 
reading 

Dirt'i-reiicf  fniiii 
mean  date 
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0 
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0 
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10 
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+  10 
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10 
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9.10,11 

+  4 
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13 
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23 

+  17 
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„        -^0 

+   1> 

-'9 

+  23 

1882 

„         21) 

+  18 

All^r.      28 

—  D 

1883 

„        1^4 

+  13 

Sept.    11 

+  5 

I'.too 

April   16 

-25 

Au^r.     17 

-20 

I'lOl 

18 

-23 

1.  20 

-11 

r.102 

May       t; 

—    0 

li 

+  8 

I '.103 

„        15 

+  4 

4 

-  2 

11)04 

10 

-  1 

11 

-20 

I'.IOf) 

i,          5 

-  0 

Sept.       (■) 

0 

Mean  date  of  lowest  reading,  May  11. 

Mean  date  of  highest  reading,  September  (>.' 

Mean  variation  from  date  of  maximum,  ten  days. 

When  the  readings  of  the  Dueim  gauge  and  the  Khartoum  gsiuge  are 
compared  they  furnish  an  instructive  picture  of  the  interaction  of  the 
Blue  and  White  Niles  at  their  junction  as  shown  in  the  following  de- 
scription. 


'  Tliis  dull'  is  taken  from  the  mean  cnrvo.   I'l.ite  .\XXV. 
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The  interaction  of  the  Blue  and  White  Niles.'— In  an 

extrciiH'lv  iiittTcsriiig  and  instrnclivc  pap.T  Tonuiiasini '-' lias  di.scn.ssed 
the  discharge  curve  at  Khartmiin  with  reference  to  tlic  discharge  for- 
nnila  based  on  Kutter's  expression'  tor  the  meiui  velocity  in  terms  ol' 
the  slope  and  hydranhc  mean  de[)th.  The  decrease  of"  the  discharge 
corresponihng  to  a  given  gauge-reading  on  the  ebb  of  the  flood  as 
compared  with  that  correspon(hng  to  the  same  reading  on  the  How  he 
attributes  to  the  decrease  of  th(>  slo])e  on  the  el)b.  In  symbols,  if  F 
and  E  represent  the  discharges  on  the  How  and  ebb  respectively,  which 
correspond  to  the  same  gauge-reading,  and  tlierefore  to  tin;  same 
hydraulic  radius  ;•,  and  if  n  and  s'  represent  the  slopes,  tlien 

F  =  C  [/?T- 

And  since  C  and  C"  may  be  taken  as  approximately  eipial 

F   :  E   =   j/,     :  [/'/' 

In  the  following  table  two  pairs  of  discharges  of  tiic  lUiic  Nile  taken 
on  tlie  flow  and  ebb  are  compared  : 
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'   liy  jMr.  J.  I.  Craig,  Chief  Inspector  Siirvev   Ujpiriiii 'iit. 

'  Delle  Scale  di  Deflusso,  "  Ann.  Soc.  Ingegneri  e  Arehitetti  It;iliaii:i,"  Uihiih,  \'M):>. 
3  r=C^Qv)  wliere  C  =  (23+ -OOlS.Vi-l-l,  «)  /  [1 -f(23+ -OOirw  «)«   V'].  »  being  a  consliint 
(iei)ending  on  the  roughness  of  the  bed,  the  value  of  wliich  for  the  Nile  may  be  taken  as  'Oi't. 
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The  first  coluiuii  <iivcs  tlio  iuiiiiber.s  assijiiied  to  tlie  (liscliarges  by 
Tommasiiii  and  tliefourtli  the  oauyc-readiug.s  to  which  tliey  are  referred. 
Since  hi.s  20  and  22  arc  on  different  gauge  readings  from  12  and  10, 
the  former  have  been  adjusted  with  the  help  of  19  and  23  to  get  20a 
and  22a.  The  altitude  of  the  zero  of  Khartoum  gauge  being  taken 
a.s  370  metres,  that  of  Wad  Medani  is  38-1-7G  m.'  Hence  with  the 
gauge  readings  at  Wad  Medani,  given  in  column  o,  the  slopes  in 
colunni  (i  may  be  comimted.  In  accordance  witli  tlic  pnjportion 
above,  the  discharges  ought  to  vary  as  the  f(piare  roots  of  the  slo])es  ; 
that  is,  20a  ought  to  be  less  than  12  by  about  2  %  and  22a  about 
2*5  %  less  tlian  10.  If  we  take  account  of  the  changes  in  C  in 
Kutter's  fnnuuLi.  these  percentages  will  become  about  2*6  and  3']  res- 
pectively or  say  3%  for  both.  But  a  glance  at  the  third  column  will 
show  that  the  differences  are  much  greater  than  that,  being  in  fact 
28  %  and  44  %  in  the  two  cases. 

It  follows  therefore  that  the  difference  between  the  discharges  at 
Khartoum  on  tlie  risiii"-  and  tlie  fallin<^  stajjes  of  the  river  are  not  due 
cntirel}'  to  tlie  general  change  of  slope  from  the  flow  to  the  ebb,  which 
cannot  differ  mucli  from  the  mean  slo]>e  between  AVad  Medani  and 
Khartoum,  and  some  local  explanation  must  accordingly  be  sought  for 
the  phenomenon.  We  have  such  in  the  action  of  the  White  Xile  and 
the  Dueim-Omclurman  basin. 

Tommasini  has  shown  the  eff'ect  on  the  discharge  curve  due  to  a 
spate  on  a  tributary  coming  in  just  down-stream  of  the  gauge  on  the 
main  river,  when  the  latter  is  rising.  If  A  D  (hg.  1)  represent  the 
normal  discharge  curve  of  the  river  under  consideration  (which  mayor 
may  not  be  more  important  tliau  the  tributary)  the  eff'ect  of  a    sudden 

Fig.l. 
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ilood  on  the  tril)utarv  is  to  deform  the  parabolic  shape  of  the    regular 
diseharge  curve  by  attaching  the  loop  A  W  I'  D.-'     At  A.  tlie  triliutiiry 


1  By  recent  levelling, 

'  Tommasini  loc.  cit.  par,  11, 
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Ix'^iiis  to  hold  u|)  tlie  iiuiiii  river,  so  that  up  to  15.  tluTo  may  even  he 
diminished  discharge  with  increased  fiance-reading.  At  15  the  tributary 
lias  ah-eady  begun  to  ebb  and  the  discharge  goes  on  increasing,  even 
tliough  the  gauge  falls,  uj)  toC,  when  a  temporary  maximum  is  readied. 
To  1)  the  discharge  and  gauge  fall  together,  and  at  tliat  i)oint  the  effect 
of  the  tributiiry  ceases  and  the  normal  discharge  curve  is  resumed. 
Local  circumstiuices  may  modify  the  shape  of  the  loop  in  an  infinite 
\ariety  of  ways,  but  its  essential  feiitures  remain  the  same. 

Tonnnasini  has  shown  how  this  gives  an  adequate  explanation  of  the 
Ijehaviour  of  the  White  Nile  at  Dueim  under  the  influence  of  the  Hood 
on  the  Blue  Nile.  It  is  propo.sed  to  show  that  a  .similar  explanation 
attiiches  to  the  phenomenon  of  the  ebb  on  the  Blue  Nile  as  affected  by 
ihe  flow  on  the  White  Nile. 

The  ease  is  exactly  the  converse  of  tliat  just  illustrated.  Were  the 
White  Nile  absent,  the  discharge  curve  for  the  Blue  Nile  would  have 
a  form  analogous  to  that  shown  by  the  full  line  in  the  diagram  (Plate 
XXV),  where  the  discharges  on  the  ebb  are  about  3%  less  than  those 
on  the  flow.'  If  we  consider,  howe\er,  the  effect  of  a  tributary  coming 
down  in  Hood  when  the  main  river  is  falling  we  shall  get  a  curve  similar 
to  that  in  fuj.  1  but  traversed  in  the  reverse  direction,  except  that  the 
upward  direction  of  the  part  from  1)  to  C  will  be  impossible,  since  hold- 
ing up  will  not  cause  the  main  rivtu'  to  discharge  more.  The  shape  of 
the  loop  would  therefore  become  somewhat  similar  to  that  in  tig.  2. 


Fig.  2. 
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From  D  to  C,  the  tributary  is  rising  and  causing  the  main  river  to 
rise  with  it  up  to  a  maximum  gauge-reiiding  at  C.  From  C  to  B, 
gauge  and  discharge  fall  together,  though  not  equally,  and  from  B  the 


'  1 11  t4ie  diagi-ani  the  differeiiee  'w-  nitlier  iiuirf  t|iiiii  3%, 
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curve  iTiiiy  take  any  of  the  directions  B  A,  I?  Ao  B  A3  acconlinjj  as  the 
effect  of  the  tributary  dies  away  more  or  less  rapidly.  On  the  otlier 
hand  if  the  tributjiry  does  not  rise  more  raj)idly  than  the  main  strejim 
is  falling,  the  effect  at  D  will  be  that  none  of  the  loop  lies  to  the  right 
of  that  point.  A  large  i*eservoir  on  the  tributary,  just  upstream 
of  the  junrtion,  would  cause  the  arc  D  to  C  to  run  perpendicular  to  the 
gauge-axis  until  tlie  reservoir  began  to  fall,  and  this  part  of  the  curve 
would  be  useless  for  gauging  purposes,  except  as  giving  limits  to  the 
discharge. 

Now  this  is  exactly  the  case  of  the  Wliite  and  Blue  Niies  after  the 
latter  has  begun  to  fall.  For,  as  will  be  shown  later,  between  Dueim 
and  Oindurman  we  have  a  reservoir  storing  some  1.500  million  cubic 
metres  of  water  at  the  time  the  Blue  Nile  is  at  its  highest.  And  fur- 
ther, owing  to  the  lateness  of  the  flood  on  the  Sobat,  the  White  Nile  does 
not  reach  its  maximum  discharge  till  some  two  or  three  months  after 
the  Blue  Nile  has  l)egun  tofall.  From  these  two  causes  comljined,  the 
normal  branch  of  the  discharge  curve  at  Khartoum  on  the  ebb  will  be 
modified  by  the  attachment  of  a  loop  on  the  right,  as  has  just  been 
explained,  and  the  discharge  curve  will  take  the  shape  shown  Itv  the 
dotted  line  in  fig.  2. 

We  may  now  consider  the  effect  of  the  Blue  Nile  on  the  AVhite 
Nile.  The  le\els  run  l)y  the  Sudan  Irrigation  Department  give 
the  altitude  of  the  zero  of  Dueim  gauge  as  ii72'0  metres,  if  that  of 
Khartoum  gauge  be  taken  at  370'0.  The  mean  sloi)e  of  the  Blue  Nik- 
is  about  10  centimetres  per  kilometre  or  1  in  10,000  and  the  gau"-e  is 
some  5  kilometres  up-stream  of  the  junction  with  the  White  Nile  at 
Oindurman.  Hence  the  fall  of  the  water  surface  to  the  junction  will 
be  0' ")  metre.  If  then  we  plot  the  Dueim  and  Khartoum  gauges  against 
the  time,  but  add  2\)  metres  to  all  the  former,  we  shall  have  two  curves 
giving  at  each  date  the  dift'erenct!  of  level  between  the  water  sur- 
faces at  Dueim  and  ( )nidunnan.  This  has  been  done  on  Plate  XX. 
It  should,  however,  be  mentioned  that  up  to  April  IIXK^  the  Dueim 
gauge  consisted  of  a  movable  vertical  scale,  the  position  of  which 
was  changed  from  time  to  time  as  the  water  rose  or  fell.  No  regular 
references  to  a  benchmark  were  made,  and  the  recorded  ab.solutc 
heights  of  the  water  surface  in  the  first  two  years  have  not  the  same 
accuracy  as  they  now  have. 

A[)parently  in  11)02  the  zero  of  Dueim  gauge  was  li  metres  above 
that  of  Khartoum,  while  in  1903  it  was  I'o  metres.  We  know  from 
other  data  that  in  the  former  year  the  Blue  Nile  began  to  affect  the 
White   Nile  at  Dueim,    in  the  manner  about  to  be  described,  about 
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Aun'ii.st  X,  wliilt'  in  li)Oo  tlic  ilatc  at  which  thi'  ott'cct  rcncliod  Dueini 
■was  al)out  the  end  ol"  July.  We  should  therefore  expect  tlie  curves 
to  become  coincident  or  nearly  so  about  these  dates,  and  tliey  have 
accordingly  been  so  plotted. 

The  action  o£  the  gauge  at  Duciui  may  best  be  described  by 
taking  1905,  the  first  year  in  whicli  accurate  dntn  as  to  gauge 
levels  are  available.  During  the  low  stiige  the  White  Nile  is  the 
dominant  factor.  This  is  shown  in  several  years  1)V  the  rej)roducti<)n 
of  several  temporary  waves  at  Khartoum  from  two  to  three  days 
after  they  have  passed  Dueim.  As  soon  as  tlie  Blue  Nile  begins 
to  rise,  the  lower  part  of  tlie  basin  which  lies  between  Dueim  and 
Omdurman  begins  to  rise  with  it,  and  a  part  of  the  White  Nile 
discharge  is  used  up  in  this  jn-ocess.  Gradually  as  the  151ne  Nile 
rises,  more  and  more  of  the  basin  is  tilled  and  a  greater  pro[)orti()n 
of  t!ie  Dueim  discharge  is  utilized.  When  the  Blue  Nile  has  risen 
2"5  metres  at  Omdurman  (2  metres  at  Khartoum)  more  than  the 
White  at  Dueim  the  basin  is  flooded  witli  what  is  practically  a  hncl 
sheet  of  water.  The  flooded  area  extends  till  the  Blue  Nile  reaches 
its  maximtnn  gauge,  at  which  point  some  .",00  cubic  metres  per 
second  of  Dueini  discharge  are  being  utilized  in  tilling  tlu;  White 
Nile  valley  and  for  replacing  the  loss  b}-  evaporation  over  tlie 
surface  of  the  basin  ;  the  net  discharge  above  Omdurman  sinks  to 
about  800  cubic  metres  per  second.  As  the  Blue  Nile  falls,  the 
basin  begins  to  empty  and  the  slo[)e  reasserts  itself.  In  the  mean- 
time, however,  the  White  Nile  upstream  of  Dueim  has  been  slowly 
but  steadily  rising,  and  on  the  first  gradual  fall  of  the  Blue  Nile  after 
the  maximum,  this  rise  is  felt  at  Dueim,  as  will  be  observed  in 
almost  ever}'  one  of  the  curves  on  Plate  XX.  The  Khartoum  gauge, 
however,  soon  begins  to  droj)  rapidly  and  the  corresponding  fall 
in  the  l)asin  level  reaching  to  Dueim  masks  tiie  rise  due  to  the 
upper  White  Nile  flood,  which  is  only  evidenced  in  the  more 
"•radual  fall  of  the  Dueim  gauge.  The  rate  of  emptying  the  basin 
aiiiiears  to  reach  a  maximum  about  the  middle  of  Octolxn-,  when  an 
amount  of  about  220  metres  jier  second  more  is  passing  Omdiinnau 
than  Dueini,  in  spite  of  the  enormous  loss  from  evaporation.  Although 
the  discharge  at  the  latter  place  continues  to  increase  until  about 
November  20,  owing  to  the  fact  just  mentioned  the  chief  contribution 
of  the  White  Nile  to  the  combined  rrver  occurs  about  five  weeks 
earlier. 

To  get  a  more  accurate  estimate  of  the  part  played  by  the  Dueim- 
Omdurman  basin,  calculations  of  the  amount  of  water  stored  in  the 
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river  uliiiimel  Ixitwoeii  the  lowest  stn<>-e  stirfaco-plaiie  iiiid  llic  surfiire 
at  ten-day  intervals  have  been  made.  They  are  based  on  a  water 
surface  of  185  square  kilometres  between  these  places  at  low  stage, 
which  was  found  by  measurement  from  the  Jntellifience  Department 
maps,  scale  1  :  250,000.  It  is  much  more  difficult  to  get  an  accurate 
value  for  the  flooded  surface.  On  the  right  bank  this  area  is  small, 
but  in  places  on  the  left  bank  the  Avater  reaches  to  distances  of  (J  to  7 
kilometres  measuring  from  tlie  right  bank.  At  Dueim  the  ratio 
between  the  two  surfaces  is  almost  2  to  1,  wliieh  has  therefore  been 
adopted  as  a  minimum  value.  The  flooded  surface  therefore  becomes 
370  square  kilometres.'  Taking  1903,  the  year  for  which  the  most 
complete  series  of  discharges  exists,  we  find  that  the  lowest  stage  Mas 
reached  about  May  1 1  when  the  Dueim  gauge  registered  0-33  meti  e 
and  tlie  Khartoum  gauge  0'25  metre,  while  the  highest  stage  was 
readied  about  September  8,  with  readings  of  •1-43  metres  and  G-15 
metre  respectively.  The  flooded  area  will  increase  slowly  at  first  and 
more  rapidly  later,  in  some  what  of  a  parabolic  ratio.  Two  separate 
calculations  show  tliat  the  exact  form  of  the  curve  giving  the  increase 
of  tlie  water  surface  has  only  a  secondary  effect  on  the  actual  amount, 
Avithin  the  limits  185  and  370  mentioned  above.  The  area  of  the  Avater 
surface  between  Dueim  and  Omdurman  corresponding  to  different 
gauges  having  been  calculated,  it  becomes  possible  to  compute  the 
contents  of  the  trough  above  the  low-stage  surface.  This  was  done 
for  each  tenth  day  from  ]\Iay  1st  to  the  end  of  the  year  and  the  results 
tabulated  as  in  tlie  followinj;  table. 


'  It  apprars  that  the  maximum  flooded  area  between   Omdiirmaii  and  Dueim  may  be  al)iiiit   5(111 
square  kil<im 'tres.     Tile  fireatest    iiuniitity   of  water  for   any   ten   days   interval    will    naturally  lie 

reiiuired  wliiMi  the  KhartoniTi  {rau^'e  is  rising  very  rapidly.     The  subjoi I  figures  iiive   the  modifi- 

I'ation  thus  introduced  in  columns  7,  S  and  1)  of  the  table  on  pa^i'  271  from  whieh  it  will  be  si'i'ii 
that  there  is  no  necessity  to  modify  the  conclusion  reached  (Ui  pa^e  272,  that  the  How  of  water  past 
Dueim  is  in  jierieral  adequate  to  till  the  basin. 
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Dift'erencitig  jfave  the  iiicrcii?e  of  volume  per  ten  (lii\s,  whence  the 
mean  increase  per  da}-  in  the  interval  followed  (Col.  4).  The  effect  of 
evaporation  is  always  to  deduct  from  the  Diieim  discharji:e.  The  daily 
amount,  based  on  an  assumption  of  10  mm.  daily,  which  is  about  t!ie 
value  at  Khartoum  deduced  from  five  mouths  observations  witii  a  Tiche 
evaporimeter  extending  over  the  flood  period  in  100.5,  is  given  in 
column  ;").  The  next  column  gives  the  mean  daily  amounts  thus  lost 
(or  gained  where  the  sign  attached  is  — )  at  Omdurman  and  column  7 
the  corresponding  amounts  in  cul)ic  metres  per  second.  Column  S 
gives  the  Dueim  discharges  got  from  the  observed  figures  by  inter- 
polation and  column  9  gives  the  derived  discharge  at  Omdurman. 
The  next  two  columns  give  the  Blue  Nile  discharges  interpolated  from 
the  observed  values  and  the  totals  of  these  and  the  net  White  Nile 
discharges. 

A  comparison  of  columns  7,  <S  and  11  shows  that  while  the  effect  of 
the  basin  on  the  AVhite  Nile  discharge  was  very  considerable,  that  on 
the  combined  Nile  was  negligible.  Further,  it  will  be  seen  that  the 
discharge  at  Dueim  was  more  than  adequate  to  fill  the  basin  in  every 
in.stance  Avhen  ten-day  intervals  are  taken.  It  might  be  that  for  quite 
short  periods  when  the  Blue  Nile  was  rising  rapidly,  a  stream  flowed 
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from  it  up  thi;  \\'hite  Nile,  but  tlie  intruilud  water  must  (jiiifkly  have 
been  swept  back  to  the  combined  river  by  the  steady  flow  past  Duciiu. 
The  subjoined  figure  (fig.  3)  shows  graphically  the  computed  coih- 
bined  discharge  of  Omdurman  against  the  discharges  actually  measured 
at  Kcrreri  or  Sliabluka.  The  agreement  is  satisfactory  except  in  the 
period  from  August  '24  to  September  23  when  the  Blue  Nile  discliarges 
fell  rapidly  for  twenty  days  and  then  rose  to  maximum  again.  It 
appears  that  in  this  instance  the  discliarges  on  the  Nile  are  nearer  the 
truth  than  those  on  the  Blue  Nile.  There  is  nothing  in  either  tlie 
Khartoum  or  Wad  iledani  gauges  to  account  for  a  fall  of  such  msigni- 
tude  in  the  volume  passing  the  former  station. 
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Earlier  measurements. — Until  recently  the  available  determnia- 
tions  of  the  volume  of  the  u[)per  Nile  in  flood  have  not  been  numerous. 
and  the  measurements  which  had  been  made  did  not  agree  well  among 
themselves ;  besides  this,  the  proportion  furnished  in  flood  b}'  the  White 
and  Blue  Nile  respectively  was  quite  uncertain.  Linant  considt-red 
them  at  the  end  of  July  to  be  practically  equal;  Peel  made  the  Blue 
Nile  to  be  double  the  volume  of  the  White  Nile  at  the  end  of  October; 
but  all  observers  agreed  in  describing  the  Blue  Nile  flood  as  sweeping 
across  the  White  Nile,  and  forcing  its  stream  of  whitish  water  againsi 
the  left  Iwnk,  while  the  Blue  Nile  flood  of  mudd\-  reddish  water  occupied 
the  greater  part  oC  the  chaimel. 

The  discharges  measured  by  older  travellers,  together  with  those 
recently  obtained,  comprise  the  data  that  exist  at  present  for 
comparing  the  volumes  of  tlie  two  main  streams  and  their  different 
tributaries. 
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Jh'schttjye  of  the  Nile  at  Khartoum. — The  tirst  who  iiK'asuri'd 
tli(j  (Uncharge  of  the  Nile  at  Klmrtouin  was  Liii.nit  de  Bellet'oiuls ' 
will)'  measured  the  White   Nile   on  .Marcli   4   and    the   lihie   Nile    on 


.Marcli  o,    1.S22,  giving  as  the   comhiiu'd    (hscharge  ahoiit    IM  tul 
metres  per  second. 


lie 


Area  of  section  . 
Mean  surFaco  velDfit}' 
Disc'harirf 


WliiU-  Nile,  Mnrcli  4 


i)t^^2^H  s(juare  iimtres 
(>'")1  inctrc  per  second 
2'M"2  cul)ic  metres  per 
second 


liliii;  Nile,   M;iri-li  5 


iilill',')  s(|ii;iro   iiii'Ircs 
(l"41  metre  per  second 
l.")iS",j    ciihic    metres    per 
second 


In  July,   1S27,   not  in  Septeniher  as  stated   by  Sir  W.   Willcocks' 
he  again  measured  the  discharge,  with  tlie  following  results' : — 


Area  of  section. 
Mean  surface  veloeity 
Discharge 


Wliili-  Nil.',  .Inly  2r, 

.'{'.)24*")  s(juare  metres 
I'iH  metres  per  second 
(')()4;5*7  cul)ic  metres  per 

second 


Blue  Nil.-,  .July  :iO 

.'ilJ.S.S"!   Sijiiare  metres 
I  ■ '.(  metres  per  second 
()247*3  cubic  metres  i)er 
second 


The  conibmed  Nile   near  Alifuii  ^  at  the  end  of  duly,  1827^.  gave — 


Area  of  section 
Surface  velocity 
Discliarjje 


()'.t82'2  square  metres 

r72  metres  per  second 

12.00lt  culiic  metres  per  second 


but  of  course  none  of  these  July  discharges  represented  the  full  Hood. 

The  discharge  of  the  combined  stream  below  the  junction  does  not 
appear  to  have  been  separately  measured  in  Marcli. 

Petherick ''  gives  the  result  of  measurements  of  the  White  and  Blue 
Niles  at  Khartoum  on  July  .5,  1.S4.S  when  he  sttites  the  Nile  was  nearly 


1  r.iill,  So:'.  Geog.,  p.  13«,  P.u-ls,  1852. 

2  Tlie  Nile  in  11)01,  p.  42. 

^  This   imist  hiive  been   heUiw  the   juncti.in  liilt  t.iJay  tin?  only    pliu;.'    of  this   n.ame  ii<   some 
l;ili)nietres  up  the  Blue  Nile. 
•  Hull.  Soc.  Uecij:,,  p.  48(),  I'aris,  18.-.2. 
"  Kftypt  and  the  Sudan,  p.  330,  Edinburg  li,  I81II. 


iit  it.s  hig'hest  :  but  this  ciiunot  be  the  case,  since  the  maximuiii  reading 
o£  the  Khartouiii  gauge  occurs  in  September 


Wiiltli 

Grciitest 
depth 

Wlixity 

WliitcXil.'.5(l()v:ii(l> 
Blue  Nil.'.  7;")U  yard- 

22  feet 
I'O  feet 

2\   miles  [er  liour 
Nearly  :i  miles  per  hour 

Tiiese  measurements  correspond  to  sectional  areas  ot  aboui  iTOU 
square  metres  and  4000  square  metres  respectively,  and  if  the  velocities 
were  accepted,  the  discharges  would  be  3000  cubic  metres  per  second 
for  the  White  Xile,  and  3700  cubic  metres  for  the  Blue  Nile. 

Tn  October.  1X51,  a  set  of  discharges  was  taken  by  Captain 
W.  Peer- 


Width     

Averag'e  ileptli 
Average  velocit}   . . 
Xuinher   of    ohsei-/ 
Viitions  for  velocity) 
DischarKo 


Date 


Whiti-  Nil.' 


4S(t  vanis      ..      .. 
]3-'.liMVet     ..      .. 

1"  17  kiiiitiier  hour 


2.'.)iS.').4(l0euliic  feet 
per  minute 
Octoher  2'). 


Bill.-  Nil.- 


7C).S  vanls  - 
li;-il  feet 
I  '."iii  1  knot  per  houi' 


.%.S2(>,(i<M)cul.icfeet 

jier  minute 
(letolier.  2A 


Combine.I  Nile 


1107  vanls' 
U-:5.S"feet 

2"0kii<its]ierli(inr 


9..528,7lMi     culm- 
feet  per  minute 
October  23. 


The  above  results  of  Cajitain  Peel,  exj)rcsscd  in  the  metric  system.  arc- 


Average  ili'[ith,  metres 

Average  velocity,  metres  per  seeonil 
Discharge,  cuttie  metres  per  second 


White  Nile 


4-24 

0-7'>7 

I  110 


Blue  Nile 


4-M 
(i-soi; 

274.1 


t'ombiiie.i  Nil." 


4-;$.s 
iMi;{ 

4;"i<lO 


In  March,  1S7G,  L.  A.  Lucas  measured  the  velocity  of  the  Blue  Nile 
at  Khartoum,  but  as  he  gives  no  measured  section,  the  discharge  cannot 
be  satisfactorily  deduced  from  his  observations.  In  a  letter  to  Dr. 
Schweiufurtli,  who  has  kindlvcoimnunicated  it.  Lucas  gives  the  average 


'  A  Ride  across  the  Nubinn  Desert,  by  Captiiiii  W.  Peel.  London  :  1S.')2. 

'  T:ikeii  as   "(iO  \«uiU  and  lOiMI  yards  for  ealiuhilion   by  Captain   IVi-l. 
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ileplli  a.s  S  i'eet,  and  tlie  greatest  as  i'2  feet,  the  mean  \el<jeity  as  .")"(iD 
feet  per  second,  and  the  width  as  5(i{)  yards. 

This  would  mean  a  discharge  of  about  2000  cul>ic  metres  per  seconil  ; 
hnt  this  is  too  high  a  value  for  ^larch,  and  may  be  rejected. 

In  1S7(),  other  measurements  at  Khartoum  gave  the  following  results 
in  cubic  metres  per  second  ':  — 


Whit.-  Nil.- 

r.llle    Nil.- 

March 

:w.) 

1(15(1- 

a:]->\  ■ 

-'7:.'(> 

I'lS    low    >t'iif(. 

flunt!    . .      . .       

43'.».S,^'  Hood 

I)('et^nilK'r 

In  .Vpril,  l<S<So,  both  of  the  l)ranches  of  the  Xile  at  Khartoinn  were 
measured  l)y  J.  M.  Schuver.  ' 

iVhite  Nile. — Taken  on  April  21,lN<So,200  metres  above  the  jinictidii 
with  the  Blue  Xile,  where  the  river  was  narrowed  by  an  island.  Above 
this  ])()int  the  river  was  (!()0-cS0O  metres  wide. 


I  )isluiicr  tVoiii  cast  liaiik 


Deptli 


Met  res 


;io-o 


lletivs 


M ft  res 


.").')•()   !     SO-O 
4-() 


Metres 


Metres 


l()S-0 


Metres 


i;!.s-o 

4-0 


Metres 


l.").S-() 

i-o 


Area  of  section  =  524  scpiare  metres,  while  the  velocity  was  100  metres 
in  1  minute  10  seconds  =  r4.S  metre  per  second.  Discharge  =  750  cubic 
metres  per  second. 

Blue  Nile.— Taken  on  April  21,  18S3.  Of  the  total  ])readth  of  320 
metres,  140  metres  was  water  and  ISO  metres  sandbank. 


Metres 

Metres 

Metres 

Metres 

Metres 

Distaufe  from  north 
Depth 

hank 

4-0 

.50-0 
11-U 

70-(l 

(;•() 

'.>()•() 

ro 

1  Ciielu.  ''Le  Nil.  le  Somlaiu  I'Efrvpte, "  p.  HS,  Paris,  IS'Jl. 

-  Tliis  value  is  too  liigli. 

3  Much  too  low,  as  in  187()  the  N'ile  was  above  the  average  in  September. 

*  I'et.  MiU.,  1S5;!,  p.  2r,s. 
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Area  of  section  =  ()07;>  isquare  metres,  and  the  velocity  =  1 00  metres 
in  4  minutes  30  seconds,  or  0*27  metre  per  second.  Dischar<re  =  2l^■> 
cul)ic  metres  per  si'cofid. 

Collectinti-  the  various  resiiUs,  we  ol)taiii  the  followina-  tal>le  :  — 


Date 


•Iiilv  2(i-;i(l.  LSi'7  .. 

JulV   ').  1S4S  ..      .. 

OctolRT  2:)-2r>.  1S-)1 

March.  187(;  . .      . . 

Low  stage,  liS7(i   . . 

June 

Flood  ..     . . 

September 

Deceniher 

April.  lSS;i     ..      .. 


While  Xllc,  ciililc       Blue  Nile,  cubic 
mt'trps  per  gt^mil     iiietrtv  per  secoiul 


297 

(;()44 

•5(K)(> 
141(1 

.•ilV.l 

1  ().")(> 

4:1^1 

:.'7i'(» 

7oU 


1.5S 

.•'.70(1 
•21VJ 

i'.ts 
43;"t.s 

■An 


foinliliieJ  Mil-. 

culjic  mctivs 

per  *econ<i 


ll'.dOO 

4..')ii(i 


but,  as  will  be  seen  on  comparison  with  more  recent  measurements, 
the  older  ones  are  of  small  value. 

Duruig  the  13  months  (November  1902-November  1903)  19  measure- 
ments were  made  of  the  volume  discharged  by  the  Nile  downstream  of 
Khartoum  and  the  results  are  given  on  page  277.  From  November  to 
July  these  were  made  at  Kerreri  20  kilometres  l)elow  Khartoum  where 
the  river  flows  in  a  wide  shallow  trough  of  which  only  one  half  is  occu- 
pied at  low  stage.  In  August,  September,  and  October,  the  measure- 
ments were  made  just  above  the  Shabluka  gorge  SO  kilometres  below 
Khartoum  where  the  river  is  in  a  .single  deep  channel. 

Discharges  of  the  combined  Ulue  .vsd  White  Nile. 
Kerreri. 


Date 


1902 

Nov.    ,s 

Nov.  17 
Dec.     8 


Width  ' 


(.•541  E. 
}  4SS  W. 

.S(t4  E. 

iGO  W. 

304  E. 

283  W 


Mean 

Sectionnl 

Mean 

depth 

area 

velocity 

lU. 

111- 

....  ,..  s. 

('.•.53 

22;ir) 

1-178 

1-4S 

744 

()-;-).38 

■>-->A 

i7t;8 

1-0C)2 

IMX; 

5(.»1 

0-532 

.i-28 

1722 

1-183 

1-11 

1 

317 

0-420 

Discharge 


23G9 
3  ]  - 


211'.i 

2.3(1 

2(l3;i 

13; 


.'172 


Khartoum. 

gauge 
on  date  of 
ohservatiim. 


2-90 
2-34 
1-88 


I  E  =  east  channel. 


:  we.st  ehannel. 
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DisCIIAUliKS   OK  TMK   CnMIUXi:i>    I'r.lK    A  M  i    WllITi;    NlI.K — (roiitiinini). 

Kerreri. 


• 

Kli:irti)iiiM 

Ikitf 

Width  ' 

Mran 
depHi 

Seitiiiii;il 
jireii 

Mian 
Vfloritv 

DiMlmr-rc 

^jiii;:*' 
■  III  (latH  iif 

ob.-iiTvation 

1903 

III. 

III. 

111' 

m.  p. ». 

lu-  |i.  ». 

III. 

Feb.    .{ 

2;io 

3-.il 

102.i 

0-7(;4 

814 

0-C2 

Mar.    ■> 

282 

2  •;»(•> 

8S4 

()-7')\ 

*;<ii'i 

0-21 

..    .'in 

21:> 

2-83 

7.51 

o-i;8o 

4;mi 

-()•]] 

May  -24 

278 

2-78 

812 

o-7")0 

(;2] 

+  0-12 

June  1^(1 

•511 

4-7-) 

i:»48 

r;i22 

11)82 

1-8.-) 

July     4 

( :^u>  E. 

}  28,S  W. 

4-7.^ 
l-ll 

llUC. 
308 

1-203 

o-.")(;2 

17.S^— ■' 

!-;i.') 

„     18 

{ m->  E. 
i:ur>  \v. 

]-(;3 

212.') 

:..37 

1  .57t; 

0-740 

31 11 2 /.J,],. 
104  ^•'^"' 

2-75 

Shabluka. 

Aug.    C) 

374 

8-% 

3.5.')4 

i-.i7(; 

i;;).si 

4-7.T 

22 

;588 

ll-fM) 

4318 

2-18.0 

".I.S,')(» 

.i-lt.') 

Sept.   2 

3'.t2 

12T,7 

r.318 

l-84.=> 

l()4.-.7 

i;-30 

„     It! 

.•58'.t 

13-10 

r>2{;2 

1-80.) 

Iil4;!3 

')-l).5 

„   m 

38(; 

13-10 

4'.t().'> 

i-t;32 

.S2i(3 

')'5i) 

Oct.   14 

37<; 

ii-;»(» 

4(;io 

1-2.5.') 

(;ii;4 

4-7(t 

.,     28 

;3(;8 

10-70 

4I.-)3 
Kerr 

1-178 
eri. 

41148 

4-l(t 

Nov.  14 

I  4n;i  E. 

)  •57(»  \y. 

C.-Oil 
2-18 

23i;o 
7;t2 

0-S23. 
0-.S(l2 

2it(;8 ;..,.,.. 

3  •();-» 

!).•(•.     I 

(  :'a;s  e. 
5:5  II  w. 

4-'.ll 

i-sc. 

]  St  18 

0-782 
0-,S(ll 

1823  ; ........ 

2-40 

At  Berber  gauge  readings  were  made  in  1.SH0-S3  from  June  II  until 
October  9,  and  again  from  1900  to  the  present  time  ;  the  highest  and 
lowest  readings  bein<r  : 


Yp."ir 


1880 
1881 

1882 
l.s,s;3 

Kfadiiij 


Lowest   gauge 


metres 

G-88 
(5-73 

rrar, 

t)-("i4 


Ueadiiig 


Mijilii'st  gauge 


Ueadiiig 


>■>  were  resumed  (in 


ilate  iLeires  ilate 

•luiu-    12  l?,-'.^r>  Au^'.    28 

1(1      '         14-.li;  Se]it.     1.") 

11      I       12-.S1I         i     Au^^    2(; 
11     I       14-13         i     Sept.    11 

Mav  4  r.HiO  liut  are  nut  rel'eralile  to  fli 


Itaiige 


nietrrt* 

(•|-07 

7-.s;i 

7-24 

7-4;> 

e  earlier  one: 


IDfMt 

0-41 

Mav      4  - 

7T.7 

Aujr.  17 

7-2t; 

11101 

()-(;3 

April  l'> 

7-87 

..     31 

7-21 

r.102 

0-C.l 

..      .30 

7M.') 

Sept.  11 

(•|--I4 

1H0.3 

0-72 

Mav      I» 

S-10 

AuLT.  22 

7-;;s 

JIM  14 

0-1I4 

..      l'> 

(•.•lt8 

Sept.    7 

(;-()4 

IDU.J 

o-(;7 

..      14 

7  •.33 

..      12 

1 '>.(!(; 

'    E  ^  east  channel.         W  ^  west  ehannel. 
*  First  observation  taken. 
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The  range  ^■i\L'll  lor  the  years  IS8O-I.S80  is  less  than  the  true  one 
as  on  the  dates  (after  June  10)  that  the  readings  were  made  tlie  riv'er 
at  Khartoum  had  already  been  rising  for  some  time.  The  date  of  the 
highest  flood  often  |)recedes  that  at  Kliartoum  on  account  of  the  Atbara 
reaching  its  maxiuumi  before  tiie  Blue  Nile.  Its  rapid  rise,  pouring  in 
a  considerable  volume  of  water,  which  in  good  years  probably  reaches 
4Q00  cubic  hietres  per  second,  raises  the  water  level  and  reduces  the 
water  slope  up-stream  of  the  junction,  so  that  in  a  recent  flood  it  was 
found  to  be  aljout  Tin  12,0()U. 

The  volume  of  the  Nile  is  here  at  its  maximum  after  receiving  its  last 
tributary  the  Atbara,  and  in  1S76  '  discharges  were  measured  at  Berber 
but  the  loss  of  all  information  about  the  method  of  determining  the 
volume  passing,  the  frequency  of  the  ob~er\ations  etc.  makes  them  of 
small  value : 


Jan.  l.i 
Feb.  1.5 
Mar.  U) 
April  1.0 
May  1.5 
June  1.5 
July  1.5 
Au<,^ 
Sept 
Oct. 
Nov. 
Deo. 


-Feb.  1.5. 
-Mar.  1.5. 
-A])ril  1.5. 
-May  1.5. 
-June  1.5. 
-July  1.5. 
-Aug   15. 


15— Sep.    1 

1.5 

15 

1.5 

15 


Oct.    U 
Nov.  15. 
■Dec.  15. 
■Jan.    15. 


Milliun  of 

•iibic 

metres  per 

day 

1 

57.S 

5 

1 

3t;7 

.•5 

2 

t;4'.) 

7 

;5 

.55:1 

"'.» 

7 

2it:i 

7 

111 

.s7:i 

1) 

'2'2 

7(17 

■7 

2s.i;,s2 

7 

1:1 

■2r>f^ 

S 

k; 

4();» 

0 

;i 

5;)i) 

•0 

4 

.•551 

0 

Mi'aii  (lisilmr^e 

in  uuhW  metres 

per  second 


.589 

545 

'.t7S 

l.:{74 

■2.HM 

4.1:12 

.S.470 

1(  ).()(■)'.  I 

7.4:!i) 

Ci.l.}!) 

;5.7()l) 

i.di't; 


In  comparing  them  with  those  taken  at  Khartoum  (Cli.  VI)  the 
values,  especially  those  for  March,  April,  May  and  June,  are  far  too 
high  and  those  of  the  Hood  diverge  greatly  from  tho.«<e  derived  froin 
the  irauge  readinii:s  at  Aswan. 

From  Berber  to  Abu  Hamed  recent  levelling  gi\cs  1  in  7.U00  as  the 
average  slope  at  low  stage  the  steepest  being  1  in  1,.S40  for  the  lo 
kilometres  which  comprise  the  fifth  Cataract. 

lielo'.v  Berber  no  measurements  have  been  made  until  Sarras  is  reai-hed 
excej)t  at  Kaibar  cataract  where  (iottberg"  gives  the  low  stage  disi-harge 
in  l<So7  as  525  cubic  metres  per  second. 


'  Chf  lu.  cit.  loc  p.  37 
«  I..)e.  cit..  p.  .-,3. 
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At  Surras  in  diiiie  li)0.5  a  <>'auginfi:  station  was  established  and  a  series 
of  discharges  were  taken  at  a  point  4<S  kilometres  from  Wadi  Haifa 
where  the  river  passed  though  a  rocky  and  somewhat  narrow  channel 
(Plate  XXXIVA).  The  work  of  this  first  season  was  mainly  of  an 
experimental  cliaracter  as  the  neeessary  e(ini|)ment  for  work  in  snch 
deej)  and  rapid  water  was  not  ready  before  tlie  Hood  rose.  Obsei'vations 
were  taken  from  May  14  until  August  20  when  the  steel  hawser  was 
carried  away  and  could  not  be  replaced  until  the  river  had  fallen.  After 
July  21  it  was  found  im])ossible  to  sound  accurately  with  tlie  ordinary 
sounding  line  and  the  Avire  sounding  apparatus  not  having  been  received, 
the  depth  after  this  date  w^as  obtained  by  adding  to  those  measured  on 
July  21  the  rise  of  the  river  as  recorded  on  the  gauge.  This  assumes 
that  the  bed  did  not  change  but  this  is  very  doubtful  as  although  the 
section  is  wholly  in  rock  the  passage  of  sand  waves  down  the  ri\er  must 
change  tin-  area  of  the  section  from  time ;  anotlier  year's  work  is  necess- 
ary U)  show  their  value.  Work  was  recommenced  on  December  7  and 
continued  regularly  frf)m  that  date. 

Volume  dischaiuiek  at  Saruas  .TO  kilometres  up-stream  ok   Wadi-Halka. 


(■AUGE 

Date 

Wi.ltli 

(It-pth 

Ai-p:i 

Velocity 

lliscliiii-)?!' 

San-as 

Hill  fa 
1  (lay  later 

IDO,-) 

inetrt's 

metres 

metres 

m.  |».  s. 

m'  p.  s. 

metres 

m. 

Mavl4..      . 

it;r) 

12*'.) 

11182 

((•;;ii 

(;i7 

o-i;;! 

1-00 

..    ;n..  .. 

It;.") 

12T) 

2ot;(; 

o-2:ti 

(;oi 

0-.57 

0-97 

JUIH'  8..    .. 

it;.5 

i2-;t 

212.') 

0  281 

;")'.)  7 

0-.52 

0-92 

22..    .. 

It;.") 

i;i-4 

22(M; 

o-;{i.j 

r.'.ii 

0-8;5 

l-ll 

July  4..    .. 

It;") 

i;5-7 

22i;2 

(f;57;i 

><.'}■] 

i-r)2 

l-ol 

„       8..   .. 

It;.') 

i;5-7 

221  ;8 

o-4;{;) 

',t'.l7 

l-.i;-) 

1-7.-) 

.,     11..   .. 

i(;,s 

14-(» 

2317 

o-44;t 

1041 

2-i(; 

l-8.'-> 

.Juivi;?..  .. 

i(;<s 

i;{".i 

2;{42 

()-4'.t4 

11. "x; 

2' 29 

1-88 

„    i«..  .. 

it;8 

14-1 

2;{(;t; 

o-,')t;.') 

i;5;i8 

;i-io 

2-;5(; 

„     21..    .. 

it;8 

l-)-2 

2.0t;2 

()-r)->i 

i4;5;t 

;{-;{8 

2-49 

„     27..    .. 

22C> 

a 

2'.tit; 

0  •(;.')(; 

I'.ii") 

l-L") 

2-9t; 

Au;r.  1  • .   • . 

241 

# 

.■U'.IH 

o-7;)(; 

2.572 

")-(;(; 

3-92 

.,       .'<..    .. 

241 

* 

;!')(;  7 

o-;i;{() 

•{.■i08 

(;-■{() 

4-20 

„     11..   .. 

242 

* 

■A'>-M 

0-i)!H> 

;}r)i2 

i;  •  {'<:> 

4 -58 

„     11..   .. 

24(; 

# 

.•5724 

1-120 

4207 

7-42 

5-ot; 

„     17..    .. 

24:i 

# 

40.53 

1  •;¥.'.» 

r>r)r,i) 

8-5r. 

.5-(;3 

„      20..    .. 

2.5i; 

* 

4.5t;4 

rt;t;o 

i:ni 

9-7.') 

t;-87 

Dec.   7.     . 

17:5 

* 

27:)4 

0-770 

2114 

4-i;.5 

3-08 

„     10..    .. 

171 

i(;-i 

2(;87 

0-790 

2132 

4-.')(; 

3-o;i 

.,    i;5..  .. 

171 

i(;-4 

272t; 

0-720 

2021 

4-48 

2-l"8 

..    It;..  .. 

170 

ii;-;5 

2712 

0-740 

202t) 

4-4t; 

2-97 

„     20..    .. 

170 

it;-i 

2t;77 

0-710 

1H04 

4-88 

2-92 

„     22..    .. 

170 

it;-o 

2t;t;8 

0-710 

1898 

4-36 

2-88 

*  On  these  dates   sounding  was  not   practii'alile  so  diseharge   is  caleulated   on   an  a|)proxiinate 
mean  depth  .olitaini'd  by  adding'  rise  of  water  level  to  the  mean  ileptli  found  on  .Iidy  21. 
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VoH;MF.  IHSC'lAKIiKD  AT  SaKUAS    ')'.)  KII.OlIia'P.ES  LP-STUF.AM  OF   \VaI>I-H ALFA 

{continued). 


Width 

Mean 
Dpi)th 

Seitioiial 
Area 

Mean 
Velocity 

UiAcliarge 

1  i  A  I  1 . 1 ; 

Date 

Sarras 

Hiilfa 
I  tliy  later 

IDof, 

metres 

metres 

metresi 

III.  p.  8. 

Ill3   |».  8. 

metres 

ni. 

.I;.n.    1..    .. 

170 

I".-') 

2571t 

0-630 

1570 

3-02 

2-62 

..      (].... 

17(1 

1.V4 

25(;6 

(1-61(1 

1567 

3-81 

2-56 

'.K.    .. 

It^.S 

l.v4 

2545 

0-5(')0 

1431 

3-70 

2 -.50 

11..    .. 

108 

l.')-4 

2.543 

(»-5'.)0 

1.525 

3-66 

2-48 

14..   .. 

168 

1.5-2 

2524 

0-610 

1548 

3-61 

2-45 

17..   .. 

168 

1.5-2 

2521 

(1-570 

1441 

3 -.52 

2-43 

20..    .. 

168 

15-1 

2507 

0-560 

1403 

3-46 

2-38 

■>•) 

168 

15-0 

24'.I5 

(>-.53(l 

1323 

3-35 

2-32 

•2')..    .. 

168 
168 

15-0 
15-0 

2491 
24'.t5 

0-570 
0-.5.50 

1423 
1362 

3-32 
3-32 

2-32 

27..    .. 

2-m 

30..   .. 

1       167 

14-<t 

2466 

0-.540 

1323 

3-27 

2-26 

Fe 

J.   1..   .. 

I       167 

14-8 

24(;i 

(1-540 

1316 

3-21 

2-25 

i). .   . . 

166 

T4-5 

2414 

0-.5()l 

1210 

3-05 

2-17 

7. .    . . 

166 

14-45 

2403 

0-.534 

1210 

2-93 

2-11 

.       •) .  .    .  . 

16.") 

14-42 

23'.i'.1 

O-47'.i 

llllt 

2-90 

2-03 

..    11..    .. 

165 

14- 611 

2416 

0-471 

1137 

2-86 

2-02 

The  present  river  gauge  at  Wadi  Haifa  was  built  in  ISDO,  and  daily 
readings  exist  from  the  beginning  of  January,  1H90,  to  the  present  time. 
Now  that  the  reservoir  at  Aswan  has  been  constructed,  the  readings  of 
the  gauge  on  the  island  of  Elephantine  no  longer  represent  the  true  rise 
an<l  fall  of  the  river  and  consequently  the  Wadi  Haifa  gauge  is  of 
increased  importance.  The  mean  5-day  readings  are  given  in  the  follow- 
ing table  as  well  as  the  differences  of  each  such  period  from  the  mean 
for  the  15  years  in  order  to  show  readily  when  the  river  supply  was 
above  or  below  the  normal.  In  consequence  of  the  great  variation 
of  the  river  level  from  year  to  year  the  mean  values  obtained  from 
15  years  observations  only  give  an  approximation  to  the  normal 
levels,  and  the  probable  error  in  them  varies  from  about  0-20  metre 
at  low  stasje  to  0*60  or  0-70  metre  at  flood  stagfe,  so  that  a  consider- 
ably  longer  series  is  necessary  to  obtain  mean  values  of  a  higher 
accuracy.  This  is  the  first  gauge  below  Khartoum  which  has  been 
observed  dail}-  for  a  series  of  years,  and  which  therefore  records  the 
level  of  the  whole  volume  of  the  Kile ;  this  in  the  flood  season  is  the 
total  run  off  from  the  Abyssinian  plateau  since,  as  we  have  seen,  the 
contribution  of  the  White  Nile  is  neglijrible. 


■2S2  — 


o 

Oj 

S 

< 

V 

■^ 

S 

•^ 

r^ 

"3 

o 

E 

^^ 

s;- 


<! 


<  •■z 

fa 

<  >-• 


:^  H 


(M  C<5 


m  irt  t^  c»  «  i-« 
D  ii  o  o»  ooo 


CO  ro  ro  f)  «  <s 


0^  a>  •">  ro  rrvo 


en  CJ  c^  cs  (S  o» 


"1  'i-oo  o  o  o> 

t^\0  lO  lO  ^  M 


N  M  M  O  N  « 


fO  O  'f  O  "^lO 
VO  *0  CO  (S  O  0^ 


«  M  «  (^  M 


Tl"  ^  IT)  t^O  « 
I^VO  VO  Tt-  CO  W 


D  N  «  d  D  « 


oo  a>  o>  n  r^  "-I 

OO  C^IO  ID  U-J  to 


1-  n  roio  vo  oo 
r^io  lo  ^  ro  d 


«  «  «  M  O  P4 


•*  "  lO  m  T^  ^ 
\D  yo   m  in  ^  CO 


r)  d  M  c<  d  M 


u->  d  o>  o>io  CO 
i-i  o  00  c^vo  >o 


oo  O  ID  "  'f  0> 
00  oo  t^  r^iD  vo 


CI  CO  'J-  O  d  VD 


Tj-  O  lO  'J-  o  o 

Tj-  ^  CO  CO  CO  CO 


d  O  oo  t^  CO  Ol 
KD    lO  Tj-  CO  CO  d 


CO  CO  CO  CO  CO  CO 


\0  ^     CI  t^  CO  ^ 

O  o^  aioo  oo  r^ 


CO  d  d  d  d  d 


■<j-  d  t^  T^  CO  d 
"-I  O  oo  r^  t^vo 


Tf  ^  CO  CO  CO  CO 


c-.vo  oo  d  ID  " 
oo  r^vD  vo  lo  lo 


CO  CO  CO  CO  CO  CO 


O  O  ID  'J-OO  Oi 
-■  3  Ovoo  r~vo 


<r  Tj-  CO  CO  CO  CO 


d  vo  M  vo  00  r~. 

•<a-  CO  CO  d  «  o 


CO  CO  CO  CO  CO  CO 


ID  O^  d  c^  O  1^ 
Ovoo  00  r^  r^vo 


CO  CO  CO  CO  CO  CO 


CO  'I-  C~  O  CO 

■1  o  o>  aioo 


vo  Tj-  r^  0^  O  CTi 
d  -<   oioo  oo  vo 


vo  0>  d  ii  •-•  ^ 
vo  Tj-  Tj-  tT  CO  d 


vo  i-c  cooo  vo  d 

vo  vo  1-  CO  CO  CO 


O^  •-'  cooo  ►-<  ^ 

lO  vo  to  Tl-  Tf  CO 


cooo  w  ID  VD  O 

d  «  >-  o  o  o 


r^  o  vn  «-"  <*■  ov 
r^  r^vD  vD  vo  ^ 


^00  r^  CO  Tj-  d 

ID  vo  vo  vo  vo  vo 


•I  cooo  •-  CO  d 

d  I-.  O  "  o  o 


0\  0\  t>    O    CO  CO 
d  d  CO  CO  d  d 


O  •vj-  O  O  1-  r^ 
CO  d  d  d  iH  o 


vo  d  CO  CO  "-I  O 

^  ■»»■  Tf  Tf  TJ-  TT 


■H  d  f^  ^  tTvo  1  vo  Ov  -I  V£ 
vo  vo  TT  ^  'J-  CO  '  'J-  1-vO  t 


t^oo  oo  O  00  Ov 
0\  O^  fj\  o   o\  o\ 


o  o  o  «  o  o 


O  vo  d  vo  o  vo 

d   >-•   d   d   d   "H 


vo  "  ID  coco  vo 
O  ■"  d  CO  CO  ro  ' 


vo  r^  vo  vo  t^  r^ 

o\  o\  o^  o\  o^  o^ 


vo  o  >o  • 
d  d  >-  ■ 


vo  •>:f 

o  o 


CO  CO  CO  CO  CO  CO 


•-■  d  r^  t^  ►-■  vo 
t-^vO  'J-  CO  d  O 


d  d  d  d  d  d 


d  vovo  vo  r^vo 
vo  ^  CO  d  HI  O 


CO  CO  CO  CO  CO  CO 


d  C3V  >-■  t^vo  d 
^  CO  CO  d  —  o 


CO  CO  CO  CO  CO  CO 


d  CO  vo  ■"!  vo  O 
vo  vo  vo  "JO  Tj-  ^ 


CO  CO  CO  CO  CO  CO 


vo  d  O  vO  d  d 
CJtOO  t^  vo  ^  CO 


d  d  d  d  d  d 


O  t^vD  ^  vo  0> 
vo  'T  ^  -^  CO  d 


CO  CO  CO  CO  CO  CO 


t^  d  vo  ^  CO  CO 
CO  d  t-"  O  Ovoo 


CO  CO  CO  CO  d  d 


"   O  M   CO  CO  M 

■a-  CO  d  M  c  Ov 


CO  CO  CO  CO  CO  d 


ii  vo  (7*  d  O  vo 
r^vD  vo  vo  ^  d 


d  d  d  d  d  d 


-^  "  M  -M  r^ 

I  I  I  I  I  I 


O  vo  O  -^  O   r-. 

ID  vo  ^  d  •^  OV 


0\  >-<  ^vo  r^vo 
0>  O^oo  r^vo  vo 


d  d  d  d  d  d 


o  o  o  o  o  o 


d  0*0  Ov  d  CO 
■<*•  CO  •-  O  O  Ov 


lO  Ov  CT>  'i-  vo  0^ 
OlOO  t^  C^VD  vo 


ov  covo  d  vo  CO 
C7V  ovoo  r^  vo  ^ 


d  d  d  d  d  d 


^vo  ^  r^oo  t^ 
ovoo  t^  vo  ^  CO 


d  d  d  d  d  d 


'^■vo  oo  Tt-io  '1 

CO  d  -'  'I  O  O 


CO  CO  CO  CO  CO  CO 


^  d  d  d  T^oo 

d  iH  O  ovoo  t^ 


vo  o  cooo  00  VD 

d  d  d   —   M   ►-• 


CO  CO  CO  CO  CO  CO 


d  d  d  d  d 


O  d  *  O  vo  O 
t^  vo  CO  d  O  0> 


d  d  d  d  d  ■-' 


CO  O  vo  r^^  ^vo 

O  0>  t^vD  vo  ^ 


" "  ^  —  ?'i  '>"i  ?i  T; 

'  .L  '  .1  '  .1 

~  —  —  ■>!  ■?! 


vo  00  r^  vo  ^-'  o 
oo  r~.vo  vo  lo  'J- 


CO  r-^  vo  d  ^  d 

00  vo  vo  vo  ^  T^ 


d  d  d  d  d 


"-I  c^  vooo  vo  ov 

vo  ^  ^  CO  CO  d 


^  CJv  CO  Oi  >-i  >-• 

CO  "  ■-•  o  o  o 


d  d  d  d  d  d 


O  'T  t-~  O  CO  IT 
CO  d  «  >-<  o  O 


d  d  d  d  d  d 


-c  ^00  d  0>  d 
ovoo  t^  t^  vo  vo 


d  d  d  d  d  d 


00  o  vo  'J-  vooo   vo 

CJt  ov  ov  Ov  ov  O    O 


o  o  o  o  o 


c^  i-t  vo  r^  CO  1^ 
oo  oo  C^VO  vo  Tj- 


vovo  CO  ov  r^vo 

d  d  d   ■-■'-•   M 


oo  VD  O  OiOO  ov 
ov  oi  ovoo  00  00 


t^  d  d  o.  d  00 

ov  £71  O  ov  Ovoo 


vo  00  O  CO  ■'^VD 

rr  CO  ^  'J-  T  "J- 


d  d  d  d  d  d 


CO  O  t^  CO  Ov  CO 

r^  t^vD  VD  vo  vo 


I^  CO  O  vo  d  o 
►H  ►-■  O  00  VD  Tj- 


co  CO  CO  d  d  d 


■-C  CO  t^  tovo  o 
CO  d  ►-"  !-•  O  O 


t-v  d  d  vooo  vo 
^f-  CO  CO  d  -"  v-" 


oo  vo  ov  o  vo 

CO  CO  d  d  •-» 


I  T  "i"  .1  'i  .'l 

~  —  —  Ti  ?i 


s 


d  CO  vo  o  vo  O 
O  ovoo  oo  c^  t^ 


o  o  o  o  o 


—   r—    ■>\   •>\   T^ 

I  I  I  I  I  I 


d  T^  •-'  vo  VD  t^ 

vo  vovo  vo  vo  VD 


T^  CO  >-i  d  rr  O 
d  O  ovoo  r^  r^ 


t-^  vo  CO  f^oO  rf 
Ov  ov  C3V  OVOO  00 


o  o  o  o  o  o 


ov  vo  vo  CO  CO  CO 

M  «  >-•  d  CO  CO 


Tj-  d  d   CO  ^  vo 

vo  vo  VD  vo  vo  VD 


o  o  o  o  o  o 


—  -^  ri  -M  r^ 

I  I  I  I  I  I 


oo 
00 


o  o 


2.s;5 


CO  CO  >-   r-  O   O 

•^  «    Ov  CO  Ov  'J- 
Ol  cnoo  oo  vo   •^ 

P^  ~    O    t^  «    ^ 
>-•    OIVO    P*    Ol  vo 

Ol  vo  OlOO  cooo 

"  oo    vo  CO  P<    O 

Pi   O   O  00  vo   vo 
OlOO  c^  vo  -r  po 

P^O  o 

P^  P<     CO 

n  n  tt  ■<)■ 

mio  r^  r^  t^  t^ 

P^VD  vo  vo    vo  vo 

vo    TT    Tj-    T^    Tf    Tj- 

CO  CO  CO  CO  CO  CO 

POOO  li 

N    N    «    O 

vo  t^  c)   OMX)  r^ 

p^  O    CO  vo  p<  oo 
oo    O    pi    Ov  O    P^ 

r^  •-"   O   p^  O   vo 

Tj-   pi     P^   «-•   00     ^ 

•-    CO  «  vo    Ov  Pi 
"    OlOO  vo    tT  tT 

CO  -1    t^  P^OO     " 
CO  pi     O     OlOO  PO 

Ti-vo  vn 

Tl-  PO  PO 

(f  en  rf  \n 

vniD   r^vo  U3  vo 

vo   r^  p^vo   t^vo 

vo  vo    vo  vo  ■*  Tj- 

Tj-  CO  CO  CO  CO  CO 

CO  CO  CO  Pi     Pi     Pi 

CO   P^    VH 

O  OO  CO    lO 
»    OJ  U3    O 

n  M  o  •*  CO  t^ 

"3    Ol  M    O    OlOO 

tH    POVO  vo    O    P< 
00    O    O  00    p-~  p^ 

00  00  oo  Ol  p^  cji 

tT  O  00    vo  O  00 

vo  o  T^  CO  ■^  >- 

vo    Pi  00    tT  «    Ol 

VOVO    vo  vo  vo  CO 
p^  vo  Tl-  CO  pi     « 

Ol  o  >o  ■ 

Tl-    Pi      Ol 

«  n  CO  ^ 

•v.-  ■<1-  lO   r^  t^  t^ 

t^oo  00  P-.  p^  p^ 

t^  P^VO  vo  vo    vo 

vo   vo    Tl-    Tf    Tl-    CO 

CO  CO  CO  CO  CO  CO 

POOO    o 

t^  p)  o  vooo  CO 

vo  vo  «  vo  vo    ^ 

vo  oo    O    O    Ol  C^ 

vo    "    O    Pi    •*  " 
T^  t3-  Pi  oo   pi  oo 

►1    P^  -    O    P^  O 
vo  pi    O  00    vo  Tj- 

CO  CO  Td-  CO  CO  Pi 
CO  Pi    •H    O    OlOO 

r-.  vo  CO 

O    -    " 

«   «    ro  ro 

CO  ^  vo  m  mvo 

vo  vo    P^  P^VO  vo 

vo  vo  vo    vo  vo  •"3- 

Tr  Tj-  ..3-  CO  CO  po 

CO   CO   n   CO  Pi     Pi 

CO  P-.  ►■« 

^00  oo   in 
0   lo  o   •* 

i^  o  in  Tj-  •■*  o 

o  vo   >-•   Ol  Ov  r^ 

oo  00    O   vo  r  ,vo 
oo  OlOO  t^  ^  Ol 

OIVO    P^  ■^  P^  Ol 

cooo  CO  o  t^  Tj- 

oo   vo  T^  Tl-  Ol  pi 

Pi    O  00  vo    Tj-  CO 

vo  vo    '-'    VOVO  vo 
■1    O    O    OlOO    P^ 

OOOO    Tf 
CO  O    O 

CO  oo  T^  ^J- 

vi-)VO   r^  r^  t^  r^ 

p^  t^  C^  p^  t^VO 

vo     vo  vo  vo  ■>*•  »*• 

T^  T^  CO  CO  po  CO 

CO   CO   CO   pi     pi     Pi 

COOO  "I 

foxi  rovo 
o  >-  -a-oo 

M     O  vo     -■  OO     O 

VO   CO  t^  o  o>  o 

•>3-  -  00    rfoo    •'J- 
r^  CO  "   VO  •«)■  CO 

coc^    .-.    p»    CO  pi 
I-  00  po  i^  -  vo 

covo  Tfvo  T^  CO 

Pi     Ol  P^  vo  Tl-  CO 

O   CO  Pi  vc  oo   - 

Pi     -■     O     OlOO  00 

VOVO    Ol 

«  o  oo 

f)  CO  ro  CO 

in  t^  t^oo  c^oo 

P^VO  vo    vo  vo  Tj- 

tT  CO  PO  CO  CO  CO 

CO  CO  CO  «    pi     Pi 

POOO    O 

CO  vr;oo  vo  vo  oo 
lo  vo  ►-.   o   ■>3-  r^ 

VD   •-   ^*-oo   r^  vo 

oo  vo     Tj-  Tj-  M     Ol 

vo  vo    pi    PO  O    CO 
vo    >-■    P^  PO  o    t-^ 

p..  Pi    OvvD    P-.VD 
Tl-  M     O     OlOO     C^ 

Tl-  pi    OIVD    O  00 
vo    vo  CO  Pi    M    Ol 

p^  pi  VD 
CO  Ol  ^ 

<s    ro  ro  'T 

Tf  vr.  v^  vo  vo  vo 

vo  vo  vo  vo  vo    vo 

vo    vo    •^    Tl-    Tj-    PO 

CO  CO  CO  Pi     pi     Pi 

Pi     pi     Pi     Pi     pi     ■-• 

COVO  " 

»1-  O   >-i   d   ■<i-  o 
00  vo  vo    O    'TVO 

vo  00  -1  >«■  CO  p< 

Tj-  CO  P<    •-•    Ol  P^ 

P^  O  vo    OIVO    T^ 

vo  T^  o  p^  vo  ►-• 

vo  "  Pi  cooo  vo 
VD    CO  O  oo    vo  Tl- 

Pi  T^  o  *oo  CO 
ro  pi  pi  O  00  p^ 

i-i    Pi    W 
00    P^  o 

p)  M  n  m 

VO  t^  t^OO  OO  00 

00  00  00  oo    t-^  P^ 

P^  P^  t^vo  vo  vo 

VO   vo   vo    Tl-    Tl-    Tl- 

Tl-  T^  ^  •*  CO  po 

POOO    iH 

O    CO  o  lO 
noo  o  oi 

o  ^^  vo  vo  -^vD 

O    CO  Ov  O    ■<3-0O 

vo    Tl-  -■    O    O  vo 
oo     r^VO     P^VO     CO 

OlOO     Pi     O    VOVO 
C7VVO    CO  O  vo    •-< 

vD  -   Pi   Ti-vo   T^ 
P^  Tl-  «    0>  t^vo 

vo     Tj-  P^  Pi     '-'     P') 
vo    Tl-    CO    CO    pi      M 

oo   o  vo 

Ol  O  00 

CO  CO  •5j-  Tj- 

vj-,VO  vo    r^  t^  t^ 

p^  p^  t^  p^  p^  p^ 

vo  vo  vo  vo    vo  vo 

Tj-    Tl-    Tf    PO    CO    CO 

CO  CO  CO  CO  CO  CO 

cooo  "-I 

O  0)   o>  •<i- 
lo  vo  CO  lo 

00  VO    vo  P)    0>  CO 

o  *-•  t^  t^oo  in 

c^  '^j-  CO  vo  en  t^ 
vo    vo  ■<}■  CO  O    P~. 

oo    CO  Tt-  vo  Pi    Pi 
Tf  i-i    p-  ■Tj-  CO  " 

vo  «  vo    O  VD    O 
OvvO    pi    CO  P^OO 

CO  CO  O    '-'    P^  Ol 
vo  PO  O    P^  Tl-  Pi 

P-.VD     Pi 
PO  P^OO 

en  rf  \n\ri 

vo  VO  vo   P^  t^oo 

oo  00  00  00  00  p^ 

P^  P^VO  vo  vo  vo 

vo  vo  vo  vo  vo  vo 

vo   vo   vo   Tl-    Tl-    T^ 

•0-00  >-> 

t-^  m  CO  m 

O    '-'    CTv  Ol  CO  O 
Ov  P^   •"•   rf  r^  vo 

OlOO    Pi    vo  O    CO 
VOVO    -^  Ol  vo  O 

Pi    C7>  vo  Tj-  o  VD 
p^  ^  Tj-  »-.    olvO 

OlOO  00  00  oo  r^ 

CO  '-'    Ol  P^vo    vo 

O     P--  Pi     '-'   VD     Pi 

vo  Tl-  T^  PO  •-■  o 

Ti-oo  oo 

VOOO    PI 

CO  Tj-  invo 

r-,co  oo  oo  CO  CO 

00  00  oo   t^  c^  t^ 

vo  vo  vo  vo   vo  vo 

vo    vo   Tl-    T^    Tl-    TT 

•^  Tj-  Tl-  .^  tT  tT 

Tl-OO     pi 

O    Ol  Oi  t-~  Tl-  CO 
lO  vo  CTi  "  oo    0> 

■<1-  P^  £31  CO  O    vo 
p^  vo  p-oo  vo  vo 

VD    pi  VD    vo  •-<    vo 
Tl"  PO  O    P^  CO  P^ 

O    cooo    Pi    vo  Tl- 

cooo   Tl-  Pi   o  oo 

00    P^  p^  PO  POOO 

vo      vo    Tl-    Tl-    PO    •- 

■-i  VO   PI 

CO  ov  vo 

m  rt  \n  <n 

vo  p^  p^oo  oo  00 

00  oo  oo  oo  oo  oo 

00  00  00  p^  p^vo 

vo     vo  vo  vo  vo  Tl- 

Tl-    Tl-    Tl-    Tl-    Tl-    TT 

<a-oo  " 

vo    PI    O  oo    O    0^ 
P4     »-•     PI     vo  t^  vo 

vo  o  o  T^oo  o 

^VO  oo  vo    I^VO 

vo  OO    CO  P-  «    " 
•>*•  vo  cooo    Tl-  o 

o  oo  vo  pi  T^  Pi 
p^  pi    Ol  r^  vo  CO 

O  00    vo  PO  Tl-  PO 
i-«    OlOO    r-.vD    vo 

PI    O    pi 
PI    0>  vo 

't1-  p.*  « 

M    CO  CO  vo 

vo    1^  P^  t^  P^  P^ 

p^  t^  r^  p^  p^  p^ 

p^  t~»  P^VO  vo  vo 

vo   vo    Tl-    Tl-    Tj-    .^ 

T^  CO  PO  CO  CO  CO 

■<^  1-00    O    CO  Ol 
I^  O    O  vo    vo  vo 

O    vo  O    OIVO  00 
P^  Ol  O    OlOO  vo 

Tl-  vo  LO  vo  .-<  vo 
Tl-  O    r^  Tj-  M  vo 

oo    P^CO    >-"  00    P^ 
O    vo  pi    O    P^  vo 

vo  O     vo  pi  00     Pi 

tT  CO  pi    -•    O    O 

PO  T^  PO 

Ol  O  00 

«  CO  tt  m 

vo  c^  t^  t^oo  00 

oo  oo  OlOO  00  00 

oo  00  p^  p^  t^vo 

vo    vo  vo  vo  «a-  Tl- 

Tj-    tT    Tl-    Tl-    Tl-    Tl- 

PO  Ol  o 

ID    •<}•  D  oo 
oo   O   Oi  o^ 

vo  p^  Tj-  »-<  <y,  Tf 

1^00     M    lOVO    P^ 

O    Ol  Ol  vo  CO  Pi 
O    Ol  Ol  Ol  C31VO 

Ol  o  pi  CO  T^  CO 

»H      Ol    t^OO     vo    M 

r^  Tl-  T*.  p^oo   •^ 

t^VD    Tl-  -1  00    vo 

Ol  C31  ^  Ol  t-i    O 
O    Ol  Ov  P^vo    vo 

TTVO    CO 

oo  o  - 

M    CO  CO  'J- 

VOVO  t^    P^  P^  P^ 

oo    P^  p^t^    P^  t^ 

t>,lO  VD  vo  vo  vo 

vo   vo   vo    vo    Tl-    Tj- 

Tl-  CO  PO  CO  CO  PO 

POOO  « 

0<  CO  o\  Ol 

rt-  O    M  00    vo  CO 
vo    PO  O    P<  vo    C^ 

"S-  p^  M     «     vo  vo 

1^  'J-  •<}-  po  "  oo 

pi    Tl"  pi    vo  r^oo 

vo  vo  Tl-  o  c^  -r 

covo    Ol  vo  Ol  P^ 
Ol  CO  Ol  P^  Tj-  Pi 

Ol  «   Tf  Ol  -■   o 
O    O    Oit^  vo    vo 

VOVD     pi 

vo    OIVO 

C4     CO   CO  UO 

vo   t^OO  00  oo  00 

oo  CO  00  CO  oo  t^ 

p^  p^  c^  P^vo  vo 

vo  vo  Tl-    Tl-    T^    Tl- 

Tl-   T^    CO   CO   CO   CO 

cooo   O 

r—   —   ri   -Tl 

"  —  --^  -ri  r'"!  r^ 

'   .'-    '  .1    '   .1 
~  —  —  ri  -Tl 

if 

'~  E 12  ?,  r~i  S 

'  .1    '  .'.       .1 

~  — .  ^  -M  •?"l 

1    1    1    i    1  '  r 

1     i    '    'i  '''   [1 
~  —  —  -M  ri 

"  —  —  -Tl  r  1  rt 

1           1 

~  —  —  -M  -Tl 

*_"'T-^* 

J  s  J 

■2U  — 


s 

•1 

'/. 

cs 

r- 

s 
3 

Ci 
OO 

^H 
< 

»— f 
•/. 

y; 

r. 

X 

i  ~  J. 

»o  vn  f»  o^  "   « 
M    «    O    Oi  0^00 

•-<    O    COVO  \0  OO 
r^io   lo  M-  CO  c« 

w    CO  TJ-  t^  O    CO 

d  i-<  o  a^  o\oo 

P^  O    vo  -"    ^  O^ 
c^  r^vo  VO   vo  ^ 

vo  d   CO  CO  •-•   o 
•^  TJ-  TJ-  Tl-  rf  T(- 

d  p^  vo 
^  ^  von 

(T)  CO  n  P)    N    N 

«    d    O    «    N    M 

3  : 

3 

vo  vo  vo  »£)  r^  m 

r^  w   CO  t^oo  vo 
O    O    O    O    O    O 

^  ■-■  <-^oo  o  ■«• 

O    O    O    O    "    " 

vo     d   OO  OO     O     CO 

«  «  o  o  o  o 

vo  o   t^  >-■   CI  ■» 
o  -  o  o  o  o 

CO  d  vo 

o  o  o 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1 1 ++++ 

o  o  o  o  o  o 

+  +  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1     + 

o  o  o  o  o  o 

+  +  +  +  +  1 

O    O    O 

4-  4-  4-  - 

2  s 

o 

lo  m  ^  Tj-  in  vo 

lO   O   Tf  r^  O   »n 

mvO  lO  V£3    t^UD 

in  ■^  cs  vo   CT»  a> 
<o  vo  lO  in  in  in 

vo    t^  t^  O    '-'    t^ 
vo  vo  vo  vo  vo  Tf 

OO     Tf  vo  CO  CO  •- 
■<f    •<J-    Tf    TJ-    ^     TJ- 

CO    TJ-VO 

s:- 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

M     1    1    1    1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o 

III- 

o 

i-H 

M  IT)  ro  cji^o  in 

vo  vo  !>*  r^oo  00 

ro  CI   r^  in  M   a^ 
00  00   t^  r^  r^iO 

m  d   «   o\  TJ-  " 
vo  vo  vo    vo  vo  vo 

00    «    ro  "    "  vo 
Tl-  ■<)•  CO  CO  CO  d 

vovo  >-■  CO  !-■  "J- 
d  d  d  ll  d  d 

vo  P^  t^vj 
d    1-1    d 

o  o  o  o  o  o 

M    1    1    M 

O   O   O   O   O   O 

1    1    1    M    1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o 

1  1  1 

^ 

i-i   >-  <s  cj  in  Q> 
in  vn  in  in  u^  in 

m  U-)  in  m  in  in 

d    d    "-«    c^  Oi  o^ 
vo  vo  lo  -vj-  ■<r  •«}■ 

r^vo   vo  !-■   o   d 

^    Tl-    Tl-    .^    Tj-    TJ- 

O    -■    t^  O    CO  vo 

^^  CO  •-  «  o  o 

CO  CO  ►- 
i-i    d    CO 

O  O  O  O  O  O 

1     1     1     1     1     1 

O  O  O  O  O  O 
1     1     1     1     1     1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o 

1  1  1 

zz 

t^VO  (X^  KO     Tf  o 

ro  CO  fO  t^  fO  fO 

r^  d   t^  d  lO  00 

Cl    d    «    M    o    CTi 

00   m  OO  I-H   "^  m 
<j\  o\  <y\  o>oo  00 

-"    fO  O  vo    r^  (N 
00   r^  t^vo   in  in 

p^  d  OO  <y^\ci  d 

rf  vo  Tj-  Tj-  T^  CO 

vo  O  d 
CO  CO  d 

T  T  T  T  T  T 

T  T  T  T  T  ° 

o  o  o  o  o  o 

[  1  1  t  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o 

1  1  1 

vi 

r^  IT)  "-I  OO  c«  OO 
CO  CO  ^  CO  ^  ^ 

•«-0O    d    uo  0>U3 
m  u->^  vo  vo   c^ 

OO  00    O    0%  t^  CO 
r^  r^oo   1^  1^  t^ 

vo  o   —  OO  OO   ^r 
vo  vo    vo  ^  ■■*-  •>)• 

d    Ov  CO  ^  d    r^ 
.<}■  CO  CO  d    -1    o 

O    r^  O  V 

«      O      M 

o  o  o  o  o  o 

++++++ 

O    O    O    O    O    O 

+  +  +  +  +  + 

o  o  o  o  o  o 

++++++ 

o  o  o  o  o  o 

++++++ 

o  o  o  o  o  o 

o  o  o 

4-  4-  -(- 

X 

o^  cyt  u^  c»  OO  t^ 

"   "   "   "   o   o 

O    O  ID    0\  vo  CO 
O    O    O    O    -1    d 

vo  ^  vo  CO  vo  ^ 

d  d  d  d  d  d 

VD     CO  O     CO  Ol  O 

d   d   d   d   -1   d 

O  vo    O    •*  ■>!•  ■'t 

d   «  d  d  d  d 

M-vo  foe 
d   CO  ■^ 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

M    1    1    1    1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o 

1  1  1 

< 

OO  00  00  r^co  00 

-1    CO  CO  O    -•00 
OO  00  OO  OO  OO     C^ 

OO     O     d     vo  vo  O 
C^OO  OO    I^VO  vo 

r^  Ovoo  uo   r^  d 
vo  ^f  ■«}■  ■>!■  TT  vo 

CO  ^'-  p^vo  p^  en 
vo  to  rj-  ■>!-  »f  ^J■ 

CTi  TfoO 
^  Tj-  CO 

o  o  o  o  o  o 

++++++ 

b  b  b  b  b  b 

o  o  o  o  o  o 

+  -(-  +  +  +  + 

o  o  o  o  o  o 

-1-  +  +  -i-  +  4- 

o  o  o  o  o  o 

4-  +  +  +  +  + 

O    O   O 

4-4-4- 

<< 

X 

CJ    1-1    i-i    CO  U-)  o 
to  ^o  to  to  vo  r^ 

"     C^CO     -•     O     TT 
t-.  f^  t--00  OO     t^ 

CO  CO  O     O  OO     ^ 

r^  t^  r^vo   vo  vo 

CO  ^  d     0»  CTl  vo 
vo  vo  vo  ■^  Tj-  to 

d  o  ovvo  -  OO 

lO  vo  vo  vo  VI-)  ^ 

r^vo  vo 
Tj-  CO  CO 

o  o  o  o  o  o 

++++++ 

o  o  o  o  o  o 

+  +  -(-  +  +  + 

o  o  o  o  o  o 

++++++ 

o  o  o  o  o  o 

++++++ 

o  o  o  o  o  o 

4-  4-  -h  4-  4-  4- 

o  o  o 

4-  4-  -f- 

< 

vn  vo  a^  vo  c^oo 

OO  OO  CO  OO  OO  OO 

o  o  o  o  b  o 

++++++ 

—  vo    d    to  O^  d 
O  O  O    O    O    " 

b  b  '"  '"  '"  "« 

ro  CO  -^  r^vo  OO 

++++++ 

Tj-    Tj-    CO    "      vo    CO 

"  "  >-  «  o  o 

+  -1-  -4-  4-  +  -1- 

-  vo   p~  o    rcjvr. 
o  OV  a>  o  o  o 

-1  b  o  "  i-i  " 

+  4-4-4-4-4- 

00    P^  i-^ 
OOO    P^ 

b  b  b 

4-4-4- 

3? 

X 

»-"    c*    w    Cf    O    M 

^  O   r^  O  vo   ':^ 
d   d   -I   «  o  o 

CO  -•     d     VJ-.UJ     vo 

o  o  o  o  o  o 

Tj-   O     d     d     VCi   -ef 

o  o  o  o  o  o 

r-~  d  CO    '. ;  vo  r^ 
O    11    *^    d    d    d 

■^  O    d 

d   1-   o 

o  o  o  o  o  o 

o  o  o  o  o  o 

+  +  4-  +  +  + 

o  o  o  o  o  o 

+  1  1  1  1  1 

0  o  o  o  o  o 

1  -^  +  -t-  J- 

o  o  o  o  o  o 

-h  4-  4    +  +    (- 

OOO 

4-4-4- 

X 

1-1   •»»■  u-,oo  0\\a 
t^  t^  r^  r^  r^oo 

b  o  o  b  o  b 

++++++ 

00  vn  CO  vn  o^  « 

00  OO    C31  Ol  Oi  o 

b  b  b  b  b  - 

+  +  +  +  +  -(- 

vo  p^  en  -i  OO   CO 
O   O   ■"•   d   d   CO 

+  -1-  +  +  +  + 

O    CO  vo  VOOO    -1 

•*  •*  CO  d   o   o\ 

Ih  *«  ■«  «  M  b 

_(_  4_  _!_  4_  -1-  -L 

cyi  ■-•  CO  oi  ro  o 

P^O    'P  f^  CO  CO 

b  b  o  o  b  o 

-r  +   -\-   -1-   +   -t- 

CO    P^  O  VO    COVO 
-^  ■^  VO  ■^  lO  vo 

O  C3^  1-1 
d    O   O 

b  b  b 

4-  +    1 

X 

C<    t^OO    lO  d     d 

•H  O  o  o  o  o 

d    r^  fO  d  vo    «-■ 
O    O    '-'    d    cl    CO 

vo  to  C^  d     OV  CO 
CO  CO  CO  ^  CO  ^ 

vo  r^oo  CO  OO   oi 
■*  -"3-  ■*■>!-  •^  •<J- 

"3-  CO  Ol 
vo  vo  vo 

o  o  o  o  o  o 

++++++ 

O    O    O    O    O    O 

1      1      1      1      1      1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

OOO 

1      1      1 

sH 

t— 1 
Ci 
X 

\0    vo  Tj-  tT  C(    o 

-•    O    O^VD    ►1  00 
O    •-"»-<    d    CO  CO 

OO  vo    Ol  lOVO    "-I 
CO  ■*■<*•  •^  •>}-  •«)■ 

vo  OO    COVO  vo    ■<J- 
co  CO  CO  CO  CO  CO 

vo    P^OO    O  OO    r^ 
M    d    d    d    O    O 

O  O  00 
HH    p.*  OV 

o  o  o  o  o  o 

++++++ 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

O    O    O    O    O    O 
1      1      1      1      1      1 

OOO 

4-4-4- 

-f 

- 

■*  O  00    t^  -■  lO 
U-)  U-)  ^  ^  uo  uo 

00  d  t--.  cj\  d  d 
vo  r^  c^  c^oo  00 

COOO    vo  C^  Ti-  d 
00    r^  t^  c^  c^  c^ 

vo  P^  O    "  OO    Oi 
r^  p^co  OO    1^  P^ 

-1   O   ^   n   p^  vo 

00  OO  OO  C  J     C^  P^ 

1-1  vo  d 
I^VO  vo 

0 

0 

X 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

o  o  o  o  o  o 

1  1  1  1  1  1 

O   O   O   O    o   o 

1  1  1  1  1  1 

OOO 

1      1      1 

a 

-3 
3 

k— 1 

1   1   1   i   :  '  r 

~  —  —  -M  ■?! 

'  .1    '  .L    '  .1 

"  —  —  "M  -Ti 

1^, 

'~  =  :2  ?,  ^1  s 

""  —  ^  -M  ■Ti 

"  —  —  5i  ■>■)  -~ 

'"  ^  ^ 

1  1 
. —  "—  ^^ 

—  285  - 


J  U1  M  lO 
r<in  -  CO 

cr.n    "    ^^  0    0 

'J-  «    0>  ro  01  ^ 
OI  cnoo  eo  U3  -^ 

P~.    M      0     1^    >-      It- 

•H    0\V0    p»    CTt  10 

0»  vr>  oioo   rooo 
HI  00  to  ro  P<  0 

p)   0   0  00  lO   UO 
O^oo   t^  -0  -^r  ro 

p>  0  0 

p^  «   *'■) 

n  •^•-  "J- 

\j~.\C>    f^  r^  r^  t^ 

r^  r^  r^  r^  pN,  r^ 

r^vo  0  0   U-)  vo 

U-l   t)-    'I-    •<»■    TJ-    Tf 

ro  ro  ro  ro  ro  ro 

rooo    HI 

.00   "  lO 
<s  0   " 

CO   01  u~.oo   cs   M- 
0  0   -.   -^  Oi  - 

0   o^uJ  ex.  vo  u:> 

0   0   0   0   -^   Oi 
r^  r^  O^  ^   ^.»   0 

00    CS  00    «    ^vo 
0  C7>  p^  r^  r^ko 

CT\  0>  ro  .^  ou    ir 
10  \nya  0   uo  vo 

ro  •<J-  >0 
rooo    0 

0  0  b 

1  1     + 

000 

1   +  + 

0   0   0   0   0   " 

M-  +  1    1    1 

«   0   0  0  0  0 

1     1     1     1     1     1 

0  0   0   «   «   « 

1  1      1      1      1      1 

"   0  0   0   0  0 
1     1     1     1     1     1 

000000 

1    M    1    1    1 

r->.  >-*   >-*   m  CO  ro 
0  r^  01  ■<}-  "   0 

ro  M   r^  nj  «  00 
M    Ht    i-i    0    0    M 

►..   r^oo   PI  lO   10 
ro  "-»   PI    ro  .-•    ro 

vo  uo  u-^  10  a\  c^ 

"S-  ro  PJ    0    0    HI 

r^  'S-  u-j  ro  HI    cj 

HI      P)      PI      PI      P<      P< 

CO    0    UO 

ri   0   to 

000 

1     1     1 

-   -  0  0  0  0 

1     1     1     1    +    1 

000000 

1    +  +  +  +  + 

000000 

+  +  +  +  +  + 

000000 

+  +  +  +     1      1 

000000 

1    M    M    1 

000 

1           1 

01  ro  CN 

0^  ^  0  o\  0  10 

O'vO  CO    P^  ro  0 
M   0  00  r^  t^  t^ 

HI    0    0   »o  r^  ro 
t-^  LO  ■<3-  ^»0   t^ 

00  00  00  00  lO  03 
^o  1.0  uo  in^o  yj 

0  0  b  b  b  0 

1  1     1     1     1     1 

0\  t^\0    iO  (O  (*■> 

m  10  u-j  10  U-)  m 

0  0  0  b  0  0 

1  I    1    1    1    1 

0  vr>  p^ 

P^     0       HI 

b  'hi  b 

1     1     1 

0    M    « 

1      1     1 

M    01    W    M    »-i    t-i 

1    1    M    1    1 

«   «   0   0   0   0 

M    1    1    1    1 

000000 

1    M    1    1    1 

00   lO  ro  ro  Tj.  10 
r^  0    P<    «    "    0 

0   0   •<1- 

uj    in   4-  r^  .-"    0 

V13  0  0  -sr  "  pf 

kxj    r^  o-.oo    M  CO 

0  0  0  0  «  -^ 

O>oo   r^  p^  p^  t^ 

^O    tT  en  ro  0    0. 
f^  r^vo  vo  vo  w) 

•<}-  P)  >o 
^r  HI  N 

000 

+    1     1 

000000 

1 1 +++ 1 

000000 

1  +  1  1  1  1 

0       H«       H«       IH       .H       Ht 

1    M    1    1    1 

000000 

1      1     1     1     1     1 

000000 

1     1     1     1     1     1 

000 

1     1     1 

t^  o\  0 
)  f^io  0 

.-.    10    >0      LO    ^      ^ 

0  0  «  o>  "  0 

(S  lO     P^  M    C^     .-« 

'^  fn  o\  voco  <s 
0   0  n  »o  r^  o> 

VO    01  uo  PJ    o\  ul 

cnoo  00  00  r^  p^ 

PI   r^oo   p)  00   Tj- 
r^io  vo  ^o  u-j  m 

Pi      T}-    HI 

0    «    IS- 

00-1 

1  1  1 

000000 

1  +  +  +  +  + 

000000 

1  1  1  1  1  1 

000000 

1     1     1     1     1     1 

000000 

1     1     1     1     1     1 

0  b  0  0  b  b 

1  1     1     1     1     1 

000 

1  1  1 

)  0     N     t^ 
-     IS  lO 

0  00  fo  "  ^r  <s 
(N  0  o»  -^  m  « 

00   0   vo  m  cs   01 

0    00  -^  ro  tT  Tf 

H.       UIOO       Tf     H.       H. 

lo  r^oo   en  o\oo 

p)    ro  0    P)  UD    PJ 
t^io   uo  ■<)-  ro  ro 

00  00   HI   PI  vo   r- 
P<    PI    ro  ro  ro  ro 

0  00  >o 

TT    Pi      HI 

000 

+     1        1 

•    *.•■. 

0       HI       0 

1            1        + 

T  T  iT  T  T 

1      1      1      1      1      1 

«.-«..-„ 

1      1      1      1      1      1 

1      1      1      1      1      1 

«     0     0 

no   r>.  0 

■-  a>  vn  LDio  t-^ 

10  -^  ro  ro  p)   d 

0   o^*o   r^   \ri  0 
\n  -^  Tf  mvo  to 

lO  vo   ro  ui  moo 
•<}■  -^  •>*■■*  ro  P-) 

0    '1-  0  >0    Pi  00 
•<}■  Tf  vo  ^  rr  ro 

rr  Pi    « 

0  >n  pi 

0  0   « 

1  1      1 

000000 

++++++ 

000000 

+  +  +  +  +  + 

000000 

+  +  +  -h  +  + 

000000 

+  +  +  +  +  + 

000000 

++++++ 

000 

+  +    1 

.00    cs    0 

00   t^oo    ro  0>00 
0   -1   «   ii   0   0 

00   rooo   r^io  00 
HI    M    PI    p)    c<    ro 

aj  Tr  r^  -^  r^  rr 
■<r  ^  1-  ■>!-  ^  ^ 

vo  vo   ro»o  uo  PI 
PO  ro  ro  PI   «   p« 

~    0  vo 
Pi   p<   ir> 

000 

+  1  1 

000000 

1     1     1     1     1     1 

000000 

1    1    1    1    M 

000000 

1    1    1    1    M 

000000 

1    M    1    1    1 

000000 

Mini 

000 

+    1    + 

0  <s  \o 

ro  ro  Tj-  M    0    ro 
t^\0   m  m  ^J-  ro 

-     P)     ."J-OO     HI  00 

ro  PI   i-i  H.  •^^  Lo 

vo  <0    P^  P)    ro  P) 
r^  p^io  01  vn  t^ 

HI    ro  0    ro  HI    Tj- 
vo    u->  ro  H.    0    0» 

0  kO    Pi 

lo  uo  m 

HI   M   0 

+  +  + 

000000 

+ 1 1 +++ 

000000 

++++++ 

000000 

++++++ 

0      0      0      0      M      HI 

++++++ 

++++++ 

000 

+  +  + 

Oi  <s   0 
0^  oi   r^ 

r^oo  00  <s  n  0 

>-«    10  0    0    CTi^ 

lo  t^  ro  p)  a»  " 
iO  t^  vn  ►-■  «  tt 

10  r^   m  ro  H.   pi 
■<)■  -^  H,    «    0    " 

0    ro  0\  0    uo  C3% 
p)   ro  CO  -^  ir  T^ 

00  t^  p*   ro  0  p^ 
mvo  r^  p^  r^vo 

t^co  00 

0   «   « 

+  +  + 

p)     w     W     «     0     0 

++++++ 

000000 

+  +  +  +    1     1 

000000 

1      1      1      1      1    + 

000000 

++++++ 

000000 

++++++ 

000 

+  +  + 

n  0   n 
Oi  0   r^ 

t^>0  00    0    ^  ro 
t^  o^oo  r^  0  0 

0  vo  0  0   "   " 
00  uD  a\  0  01  « 

01  -  0  DO     0     " 
«     -^  ^   TT  ^  N 

HI  00   o^  -^  n  vD 
^    O^oo  CO  00    t^ 

vo    p.^  p^  UO  p^  ro 
p^  r^  r^oo  00  00 

THO    Pi 
vo  p^  Pi 

0   "   0 

+  +  + 

0    0    0    0    "    M 

++++++ 

0  0  0  "  0  " 

++++++ 

+   +   +   +   +   + 

«  0  0  0  0  0 

++++++ 

000000 

+  +  +  +  +  + 

000 

+  +  + 

rn  cs   0 
>  <^  f)  vo 

ro  0^  CTi  .H    0    ^ 

10    Tj-    0      ■-■      M      fO 

00  H(   o»  o\  o^^o 

^  ro  0    "    0    M 

01  r^  ro  0   0   r~. 
P)  \o   t^vo   m  ■<J- 

HI    roio    ^  HI    Tj- 
uo  ^  ro  ro  ro  P» 

00  00  lo  u-)oo  00 

HI       HI       HI       HI       HI       HI 

vo  0    « 
■<1-  PO  P» 

000 

1      1    + 

000000 

+  +  +  +  1  1 

000000 

1      1      1      1    +  + 

000000 

+  -t-  -1-  +  +  + 

000000 

+  -)-  +  +  +-!- 

000000 

+      +      +      +     +     + 

000 

+  1  + 

■000 

bob 

+  + 

0   'f  0   M   r^>0 

"bob  b  b 

+  -h   1   +  +  + 

to    ■^  I-"  «o    C^  '^ 

r-^  .^  u-ioo   0   « 

C4      HI      HI      M      C4      HI 

Oi  PI    oi  ro  uo  oi 
00  t^\o  10  UO  ^ 

b  0  b  b  b  0 

ro  0   vo  ^  p^   p^ 
irj  10  uo  \ri\o  0 

0  b  b  b  0  b 

+  +  +  +  +  + 

>o    Tj-  t^ 

-  00  tT 
b  b  0 

+  +   1 

. "  0  f< 

(S    <1-  ro  "l-  -■  lO 
0    M    «    0    >-i    " 

lO  00  0  p<  •q-00 
0   0   «   "   r)   w 

p^    HI    W  lO    ro  a^ 
0  0   HI  \n\o  \n 

00    0^  10  en  irvvo 
Lo  p^oo  r^uD  ^ 

r^  01  TT  H.   10  10 

HI       HI       M       «       HI       HI 

P^    Tj-    p^ 

0      «      « 

000 

1     1    + 

000000 

+  +  +  +    1      1 

000000 

++++++ 

000000 

+    1    +  +  +  + 

000000 

++++++ 

000000 

+     +     +     +     +     + 

000 

+      1         1 

rocXJ   vrs 
(N    "    0 

0  ID    P100  0    ■-■ 
00  vn  m  Tj-  •^f  Tj- 

U-)  ro  PI  00  0    Tj- 
Tfvo  00    r^ao    0^ 

Tj-  HI   0  p^yD   0 
r^  U-)  Tj-  ro  N    -H 

p^  HI  ,)■  HI  \n  ^n 

HI       pi       ri       PI       HI       HI 

Pi  10  00 

00- 
1      1    + 

000000 

+  +  +  +  +  + 

000000 

000000 

+  +  +  +  +  + 

000000 

+  +  +  +  +  + 

000000 

++++++ 

000 
1    +    1 

ri  r"i  rt 

-i    '    L 
^  ~i  •Ti 

1  T  T  _' i_  'i  V 

~  —  —  -M  ■Ti 

■'  £  ;2  ?,  'ri  =-. 

""  —  —  Ti  -Ti 

■7- 

■  ^  -A  ^i  r\  T^. 

'  .1    '  .1    '   .1 
~  —  —  ri  ■Ti 

''  =  12  5^,  ^,  ^ 

1  _i_  1  _i_  1  _i_ 

~  — 1  ^  ri  ?i 

1  "  T  _'i_  'i  ■  r 

♦     -k-  ■¥■*■ 

1  5.= 

5 

—  -266  — 

At  11  short  distance,  a  kilouiotres,  above  Aswan  Cataractthe  Nile  bends 
shar])ly  to  the  east  for  a  tew  hunch'ed  metres  and  then  resumes  its 
northerly  eourse,  thus  forming  under  its  left  bank  a  back-water  which 
in  flood  becpmes  a  ]iowerful  eddy  which  has  scoured  a  deep  liolc.  This 
has  given  rise  to  a  local  legend  that  from  this  point  an  underground 
branch  of  the  Nile  flows  to  the  oases  of  Kharga  and  Dakhla  to  supply 
their  deep-seated  wells,  but  the  nearest  of  tiiese  is  situated  at  a  distance 
of  280  kilometres  from  this  point  and  obtain  their  supplyof  water  fn)m 
the  sununer  rains  which  fall  on  the  northern  half  of  Kordofan  and 
percolate  rapidly  into  tlie  sandstone  strata  which  here  cover  the  granite 
of  the  old  land  surface  and  in  their  turn  pass  beneath  the  limestone 
beds  which  form  the  walls  of  the  oases.' 

From  flune  to  September  l<Si)8,  the  volumes  discharged  l)y  the  Nile 
were  measured  at  Denihid,  Dosha  and  Gertasse  under  the;  direction  of 
Sir  William  Willcocks  and  from  these  the  discharge  table  for  Aswan* 
was  computed. 

The  results  are  given  in  the  following  tal)lc  for  comparison  with 
those  given  above  for  Khartoum  (p.  '2'2X).  ]>erber  (p.  279)  and  Sarras 
(p.  2S0). 
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PLATE    XXXVII. 


Provisional    Discharge    Curve    for    WADI    HAIFA   Gauge 
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Vdl.l  .MK    DISCHAUGED    BY    THK   NiLE    AlioVE   AsWAX — {iiiidilUlcd). 
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VoLVMK  DISCUAKUKI)  BY 

TUK  NiLK  ABDVK  AsWAN — icoiiti lined). 
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The  pcsitiou  of  the  lines  of  section  were 
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and  these  sites  are  within  the  area  which  is  now  annually  flooded  by 
the  reservoir. 

A  few  discharges  have  been  measured  at  ^^'adi  Haifa  which  are  given 
in  the  followiii""  taljle  :  — 
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The   discharge  table   which  has  hitherto  been  used  in  connection 
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witli  tliu  .\.^s\van  gauge  is  no  longer  :i[)j)lical)le  in  con.secjiience  of  the 
dam  having  been  bnilt  ui).<tream  of  it :  the  Wadi  Haifa  gauge  is  now 
the  one  furthest  downstream  which  records  the  normal  variation  of 
the  river  level  unaffected  by  artificial  works.  Pending  the  com[)leti()n 
of  a  full  set  of  measurements  at  Sarras  an  attempt  has  been  made' 
to  comjtile  a  provisional  <lischarge-table  for  the  Waili-Halfa  gauge  fmm 
the  data  obtained  at  Sarras,  up  to  August  20,  UK)."),  Wadi-Halfa  and 
upstream  of  Aswan,  and  the  result  is  given  on  Plate  XXXVII.  Un- 
fortunately all  the  nicasiu'ements  which  are  available  have  been  taken 
wlien  the  river  has  been  rising,  so  that  they  are  only  approximately 
applicable  to  the  gauge  readings  of  a  falling  flood  ;  moreover  the  data 
of  1<S!)3  are  derived  fmni  sites  at  a  considerable  distance  from  Wadi 
Haifa,  so  that  the  discharge  cur  v'e  must  l)e  considered  as  an  approximation 
imtil  fuller  data  from  Sarras  are  available.' 

The  Aswan  gau"e  was  established  bv  ^lahmud  Pasha  el  Falaki  in 
1869,  on  the  island  of  Elephantine,  in  the  same  covered  stairway  as 
the  ancient  Egyptian  nilometer  but  on  the  other  wall  face.  For  this 
daily  readings  are  availal)le  from  dune  19,1869.  to  the  present  date, 
except  during  an  interval  from  November  13,  1869,  to  March,  1,  LS7(I, 
during  which  no  readings  were  recorded  ;  the  scale  isinpiks  and  qirats  ; 
1  pik  =  24  qirats  =  0"o40  metre. 

At  Aswan,  for  the  series  of  years  1870-1902,  the  mean  date  for  the 
lowest  reading  wtis  June  1,  the  earliest  being  May  5,  1887,  and  the 
latest  Jiuie  '22,  1882,  while  the  avenige  deviation  from  the  date  was 
ten  days.  Here  the  mean  date  for  the  highest  stage,  as  deduced  from 
the  thirty-four  years  1869-1902,  is  September  4,  the  earliest  date  being 
August  19,  and  the  latest  being  October  1,  while  the  mciui  deviation 
from  Sejjtember  4  is  eight  dtiys. 
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1  By  Mr.  J.  I.  Craig. 

'  A  rifrorons  dL'^ciissioii  tjf  tin'  volume  most  probably  disiliarged  by  the  river  in  this  reach  is  in 
hand  in  the  computing  oHiee  of  tlie  Survey  Department.  The  values  derived  from  the  data  given 
aliove.  and  from  the  volume  discharged  througli  the  sluices  of  tlie  .-Vsnan  dam  are  not  wholly  in 
agreement,  and  the  diti'erence  is  apparently  due  to  loss  by  seepage  where  the  river  Hows  over  the 
sandstone, 
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Ml.M-Ml  .M 

MAXiMV.M 

\i:.K\i 

After' 
April  30 

Uiffereiice 

After 
.\«gust  15 

Din'freiKc 

Date 

from 
iiH'im  tlatc. 

D.iti- 

fruiii 

IIIKIII    lllltC. 

]si:, 

Mav    2.i      .. 

2:5 

—    <) 

Sept.  11 

27 

+   7 

]S7(; 

•luiu'    11 

42 

+  10 

4 

23 

+  .3 

1.S77 

.Alav    I'C       .. 

2(; 

—  (■) 

Au^i-.  20      .. 

.") 

•  -1.^) 

]S7,S 

June     .S 

.•5'.) 

+   7 

Oct.       1       .. 

4(; 

+  21; 

1S7'.I 

Mav    2.i       .. 

2.5 

—  <) 

Sojit.   I.".       .. 

21) 

+  '.» 

LSSO 

Juno     ;> 

;$4 

+   2 

■) 

18 

_    •; 

18S1 

Mav    14       .. 

14 

-18 

1       . . 

20 

0 

18,S2 

June  22 

').'} 

+  21 

Au^^  2.S      .. 

i;{ 

—   7 

1SS3 

Mav    27       .. 

27 

-  5 

Sept.  17       .. 

;53 

+  13 

1SS4 

..      2'>      . . 

2o 

—  7 

1       .. 

17 

-  .3 

J  SS") 

June  20 

;-)l 

+  li1 

Au^r.  2.S 

1:$ 

—  7 

Lssi; 

•> 

.•i4 

+   2 

Sept.  22      .. 

.38 

+  18 

1S,S7 

Mav      .") 

f) 

-27 

1       .. 

17 

-  .3 

LSSS 

June     i 

;55 

+  :\ 

A^l^^  24       .. 

;) 

-11 

ISS'.) 

„     i   .. 

.•{;■) 

+  ;? 

Sept.     1 

17 

].s;i() 

Mav    2S      .. 

2.S 

-  4 

■> 

18 

•> 

]S!)1 

.,       17       . . 

17 

-1') 

,,         7       .. 

2:5 

+  3 

]  S'.t2 

June     .") 

.id 

+  4 

20      .. 

.•5(5 

+n; 

is'.t;} 

.,        IS        .. 

4i) 

+  17 

„       M       .. 

30 

+10 

LSIU 

Mav      S      . . 

s 

-14 

Au;r.  2') 

10 

-10 

LSil") 

June  21 

')2 

+  20 

22 

7 

-13 

is'.k; 

„       11       . . 

42 

+  10 

Sept.     2       .  . 

IS 

■) 

1.S'.I7 

Mav    27       .. 

27 

—  a 

1       .. 

17 

-  :, 

IS'.tS 

June   21 

52 

+20 

An;;.   2S 

13 

—  7 

i.s:>;t 

1        .. 

.'52 

+  0 

.Sept.     4       . 

20 

0 

r.ioo 

Mav    2(;       .. 

21; 

—  .') 

An--,  r.)       .. 

4 

-ir, 

i:k»i 

„       111       .. 

1(1 

—  ■>■> 

Sept.     (1 

■>■) 

+  2 

l'M)2 

June     (') 

.•(7 

+  5 

„        17          . 

33 

+  13 

Mean 

Juno      1 

— 

±10 

Sept.    4      . . 

— 

±8 

III  tlie  fullowiiiii'  tal:)le  is  <>'ivcii  the  volmiie  discliai'i^'ed  in  each  year 
from  1(SC9  to  1903  from  July  1  to  October  31,  which  has  heeii 
computed  from  the  discharge  table  given  by  Sir  W.  Willcocks. '  The 
ratio  between  floods  of  different  magnitude  bears  out  what  has  been 
deduced  from  two  years'  discharges  at  Khartoum,  namely,  that  an 
abnormally  low  Nile  is  about  two-thirds  of  the  volume  of  anormal 
flood,  while  a  maximum  flood  is  nearly  the  double  of  an  abnormally 
low  flood.  These  ])roportions  should  be  approximately  reproduced 
in  the  Abyssinian  rainfall  of  these  years,  l)iit  observations  there  arc 
as  vet  too  few  to  show  this  cloarlv. 


1   IV-ru  :iiial  Irrigatimi,  (,'iiiro  1.S1U.  A|>p.  111.,  'lalilo   I. 
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YuLLMK   OF   FLUOU    AT   A^WAX,    JCLY    1    TU    (JCIOBKU   .'Jl, 
IN  MILLIONS  OF   CUBIC    METRES. 


V.ai- 

Ratio  to 
mean  Hood 

Voluiini 

Variatiuii 
from  mean 

of  live  years. 

Variatimi  fi'Min 
five-year  mean. 

J.SCit 

1-lS 

77,i;i-i-(; 

+  ll.'.i(;.y4 

l.S7(l 

1-2:} 

so,is:iT) 

+  i4.'.i'.t.v;) 

■  • 

1S7] 

l-O.^, 

(•.s,:57i-s 

+  ;{.i.s;!-(; 

7(  •..'..■)  1 -7 

+   .-).24'.i-l 

1S72 

1-11 

7i',(i(;.-)-4 

+   (;.S77-2 

7i.(;(;'.i-:> 

+     C).."'.!  ■)(■)•'.• 

1S7;} 

()-,S-l 

-).■).(  1(1 1-4 

-l().18."/s 

r.'.i.',i'.i2-2 

+  4.(;s'.i  (•) 

1.S7-1 

i-2i; 

S:.'.(',22-(; 

+  17,4;!4-4 

7(».4'.i:{-;> 

+  .■).l'.io-'.i 

].S7o 

l-io 

71.S'.iC.-'.l 

+  f),7(i.s-7 

(;.^).i'.i7-;5 

-     io5-:{ 

i.s7(; 

l-O'.l 

7(i,S7S-i' 

+  .-(.('.'.iini 

7(i.:Jl2-8 

+  .5,010-2 

1S77 

( 1  •  7(  > 

4.->.r)S4-l' 

-l'.l,C)(i4-() 

(;s,(;2.v'.» 

+  3.:{23-:{ 

1S7S 

1-1'4 

So,:jS2-;i 

+  1.').;!'.I4-1 

(;7,(is;i-7 

+   1.787-1 

1.S7'.) 

1-U 

74.1S7-S 

+  s.P'.i'.i-t; 

t]5,(>47-'.t 

-      2.54-7 

]S,S() 

((•'.IS 

(•.•i,2i:>-'.i 

-      ',172-3 

f)6,8.i7-S 

+    l,.-..-).V2 

ISSI 

i)";i.'{ 

(;(i.(;(".',i-2 

-  4.r)r.f(i 

(>4..S(i2-7 

—      !l'.l'.i-'.l 

1S,S2 

O-S-l 

.54.c.:5;i-7 

-io..'>:)4-.-) 

(;(i.;i')(i-r> 

-  4.'.l.J2-l 

is,s;i 

i-dt 

G7.S(i(J-7 

+  2.(;is-.") 

(•)(i,4;i'.i-(» 

-  4,8(;;5-(; 

ISSl 

(i-s;! 

.'")4.4i'7-:.' 

— i(i.7(;i-(i 

co.ni-'.t 

-  .5.180-7 

1.S.S-, 

ii-'.i'.i 

(U.o.^s-;} 

-    .-iiii-'.i 

l54.7(;'.l-l 

-    .5:i;i-.5 

i.s,S(; 

(i-'.ii 

r,'.i.;5:5;v.') 

—  5.S;>4-7 

6(i,.o(;s-(i 

-  4,7:54-(". 

1S,S7 

i-i:i 

77,(;i'.i-(; 

+i-'.4;5r4 

62,Gr);)-8 

-  2.t;42-8 

ISSS 

(I-7-' 

4(i,s(ii-(; 

-is.:5Si;-c, 

64,at;;5-7 

—    '.i;is-9 

ISS'.i 

1  •  1  II  ) 

(;4.ss(;-(i 

-      8(12-2 

6.5,60tVO 

+     ;i(i:i-4 

IS'.IO 

I-!:.' 

7:5.1 77-S 

+  7,iis'.i-(; 

6.5,7:5S-(l 

+    4;5:»-4 

IS'.ll 

1-1)1 

(;r),r)44-s 

+    ;5r>c.-(; 

69,274-8 

+  .•},972-2 

LS'.W 

\--Jo 

7S,27'.i-7 

+  i;5.(nir.-) 

72,190-1 

+  6.887-.5 

IS'.i;! 

(1  W 

64.4S.0-'.i 

-    7(i2-;i 

72,5.56-(; 

+  7,254-0 

1.S'.'4 

l'2-2 

7'.t,462-.-) 

+ 14.274-;5 

73,338-(; 

+  8,o:5(;-o 

IS'.I.-) 

l-l;-) 

7.'),(M)".l".l 

+  '.i..s2r7 

69.2.59-8 

+  ;5.957-2 

Is'.h; 

imk; 

(•)'.t.4:).-)-i' 

+  4.2(;7-(i 

70,257-4 

+  4.9.54-8 

is:  17 

(l-S'.l 

.■)7.s,sr)-4 

-   7.;i(i2-S 

&2M'y\ 

—  2,7:57-5 

IS'.IS 

1-07 

(;'.t.47;{-s 

+   4.2S.V(; 

,')9,18()-8 

-  (;.i2rs 

is;>'.i 

(im;;? 

4i,(H)ri 

-24.1S7-1 

r>(;..")9.5-i 

—  S.  707-5 

r.MH) 

o-s;) 

.")S.()8S-4 

—   7.(i'.t'.l-S 

.-):$.;?o6-.'» 

-u.9'.ii;-i 

I'.ini 

(I-S7 

.")C...-)2r.-s 

-  s.(;(;i-4 

;51,04'.f9 

-14,2.52-7 

r.Mi2 

(»-i;;; 

41.442-(; 

-2.!.74.V(; 

•  • 

iit();5 

(i-s;i 

.■)S.i:i(i-4 

-  (•./.•'.•7-S 

•  • 

•  • 

Mean  . . 

.     (;.j,is8-2 

Mean  . .      . 

.     (;.5.;502-r. 

Ir  will  1)3  iioticeil  thill  tilt;  iiicaii  volimic  discharjiX'd  its  (i.5, l.SS  inillitui 
(•(il)ic  metres,  which  is  not  iniifh  <ii-eiitei-  than  that  olitaiued  from  the 
Khartdtiiu  (ihscrvatioiis  for  lltOH.  a  year  somewhat  Ijelow  tlie  normal, 
although  the  Aswan  volume  includes  the  discharge  ol'  the  Atljara,  and 
also  that  which  the  White  Nile  was  contributing,  a  quantity  which  in 
-Tilly  and  October  is  not  inconsiderable,  though  small  in  August  aii<l 
September.  These  Aswan  values  would  appear,  therefore,  to  be  rather 
below  the  truth.     In  the  memoir  wherethe  discharge  table  is  published, 
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111)  (It'lails  are  yivcii  of  tlie  oljsorviitious  from  wliicli  ilic  iiil)l('  was  com- 
p.itoil.  The  greater  (lischiiri^-e  when  the  river  i«  rising  tlian  when  it  is 
falling,  I'or  the  same  gauge-reading,  is  mentioned,  Imt  it  is  not  stated 
how  this  was  dealt  with  in  preparing  the  table.  However,  though  the 
totals  may  be  rather  low,  their  i-atios  to  one  another  should  not  bo 
a])pjveial)ly  altered. 

In  1004,  the  volume  of  the  Hood  ealeulated  in  the  s:nne  wav  was 
■17,()20">S  millions  of  cubie  metres,  being  0'7.t  of  a  mean  llooil,  while 
that  of  l!)(l.')  was  only   ll^OOO-O  millions  or  Oil.")  of  a  mean  Hood. 

Summary. — From  Khartoum  and  Berber  to  Aswan  tlu;  waters  of 
the  \\'hite  Nile,  the  Blue  Nile  and  the  Atbara  How  in  a  single  stream 
to  Egyi)t.  From  a  com])arison  of  these  three  tributaries  we  liave  seen 
that  each  plays  a  somewhat  different  jtart  in  the  regimen  of  the  river. 
The  relations  are  simplest  in  April  just  before  the  IHiic  Nile  begins  to 
rise  for  then  the  Atbara  supplies  nothing,  the  Blue  Nile  but  little,  while 
the  White  Nile  supplies  by  far  the  greater  share  of  the  Nile.  As  the 
Ainssinian  rains  increase  the  contributions  of  the  I'lue  Nile  and  Atbara 
become  important,  and  soon  the  White  Nile  does  little  more  than  fill 
its  valley  as  the  water  level  of  the  Blue  Nile  continues  to  rise.  When 
the  latter  falls  in  September  and  in  October,  the  White  Nile  discharge 
increases,  and  is  at  its  maximum  in  December,  but  decreases  rapidly 
after  January  when  the  Sobat  has  fallen  considerably. 

The  Nile  in  this  reach  is  erodinii-  its  bed  throuuhout  and  with 
considerable  rapidity  in  certain  of  the  cataracts  where  a  nari'ow  channel 
and  a  steep  slope  occur.  Thus  it  is  forming  no  Hood  plains  ami 
<'idti\ation  only  reaches  any  considerable  development  where  the  valley 
is  wider  for  a  sutKcient  distance  to  render  a  canal  practicable.  F^vapor- 
ation  is  at  a  maxinuim  in  the  northern  part,  where  rain  is  almost 
unknown  and  is  certainly  wholly  ineffective  since  onlv  an  occasional 
storm  passes  to  the  north  o£  Dongola.  The  Nile  supplv  in  this  reach 
therefore  has  reached  its  maxinuun  and  from  l>erber  northwards 
steadily  diminishes  by  evaporation,  seepage,  and  by  the  utilization  (jf 
its  waters  for  irrigation. 
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CHAPTER    VIII. 
Thk  Nir.E  Valley  fkom  Aswan  to  Caiko. 


Xortli  of  Aswan  tlio  Xile  Hows  throufjh  a  fertile  and  liiirlily  cultiva- 
tcil  valley  wliieli  opens  out  into  the  Delta  2')  kilometres  north  of  Cairo, 
and  ill  this  part  of  its  basin  the  river  ocrujiios  the  western  niarg-in.  all 
(Irainaye  lines  of  anv  inip(jrtaiice  eominji"  in  from  the  east  on  the  rijiiit 
bank.  This  is  due  to  the  very  unequal  relief  of  the  country  lying  on 
either  side  of  the  river.  On  the  east  the  divide  between  the  Nile  and"^ 
the  Red  Sea  is  formed  by  a  range  of  ancient  crystalline  rocks  riinning 
parallel  to  the  coast  at  a  short  distance  from  it,  and  which   rises  to  a 

considerable  height  since  many  of  its  peaks  reach  1200  metres  while  . 

some  few  attain  or  even  exceed  2000  metres.     From  the  foot  of  this  (S^— ^r'^'^'H^ 
range  the  plateau,  formed  of  cretaceous  and  tertiary  sandstones  and  ^^^^ 


limestone,  slopes  gradually  westwards  towards  the  valley  of  the  Xile 
but  even  here  the  edge  of  the  plateau  rises  to  200  and  2.50  metres 
above  the  valley  floor  in  maiiy  places.  On  the  west  of  the  valley 
roiiditions  are  very  (htferent ;  the  desert  plateau  rises  ra])idly  from 
the  valley,  often  as  steep  cliffs,  and  more  gradually  for  some  10-20 
kilometres  beyond  this.  To  this  succeeds  an  ahiH^st  horizontal  plateau 
without  any  well  defined  drainage  lines,  rising  here  and  there  to 
low  flat-topped, ridges,  Imt  on  tlie  whole  falling  very  gently  to  the 
westward.  [Thus  there  is  no  catchment  basin  of  any  extent  on  the  "^ 
west  of  the  iSTile,  and  the  feebly  marked  drainage  lines  extend  but  a 
few  kilometres  back  on  to  the  plateau:  only  such  rainstorms  as  fall  near 
the  plateau  edge  are  drained  towards  the  river  and  but  rarely  does  the  \  '^^f 
water  reach  the  margin  of  the  cultivation.  What  falls  on  the  plateau 
drains  into  shallow  wind- worn  depressions  and  there  soaks  into  the 
rock  or  is  soon  evaporated.  The  area  of  the  basin  west  of  the  Xile 
mav  ill  this  part  of  its  course  be  limited  to  the  .5  to  10  kilometres 
bevond  the  limits  of  the  culrix  atioii.  and  of  this  area  none  of  it  can  I)e 
said  to  be  effective  seeing  how  small  a  (puintity  of  rain  falls.  A  few 
rainstorms  occur  everv  winter  but  they  are  usually  very  loi-al  in  their 
effect.  On  the  eastern  side  the  much  larger  arcii,  and  the  steeper 
slopes,  together  with  a  greater  frequency  of  rain  near  the  Red  Sea  hills 
make  the  winter  rainfall  a  more  important  factor  ;  in  about  every  second 
year  one  or  other  of  the  larger  wadies  comes  down  in  flood,  sometimes 
so  suddenlv  as  to  carrv  awav  camels  and  sheep  which   may  l)e  grazing 


-f^^ 
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ill  tlic  valleys,  and  jioiirs  a  lariic  vdluiiie  ol'  watcu-  into  ihv.  Nile.     As 
a  coiitril)iition  to  the  river  suj)]>ly  these  "Seils"  or  niin    floods  are 
f  "^f-t^l  uniiiipnrtanr  l)iit  their  effect  in  eroding  the  desert  is  immense.    /The 

\^v^__L- — i  ,.;ii,,  ijvlliiig  lieavily  for  a  few  hours  on  the  hare  rock  surface  of  tlic 
d('S(>rt,  wliore  no  vegetation  exists  to  delay  it,  pours  rapidly  down  the 
genrle  slope  of  the  ])lateaii  into  tlie  nearest  vallev  carrying  with  it  the 
marciMMl  which  the  rapid  variatinii  of  temperature  in  the  summer  months 
has  loosened  from  tiie  I'ock  surface.  In  arid  climates  the  soil 
ln^comes  so  thoroughlv  dried  to  a  considerable  dcjith  that  the  interstices 
Ix-.tween  the  soil  particles  become  filled  with  air  instead  of  water  as  in 
a  humid  climate.  Consequently  this  air  nuist  l)e  expelled  before 
pi'i'colatiiig  wati'r  can  enter.  Fn  deposits  of  lai'ge  grain  this  takes 
place  rradilv,  but  in  the  finer  soils  a  moderate  shower  is  likely  to  fill 
up  the  surface  pores  so  comi)letely  as  to  prevent  the  escape  of  the  air 
below  .so  that  water  penetrates  but  little  and  tends  to  flow  rapidly  olf 
the  surface  into  the  valleys.'  In  the  val]i'\-  the  increasing  volume 
of  the  flood  .sAvceps  along  tons  of  boulders,  gravel  and  sand  till  it 
may  even  reach  the  Nile  valley  covering  acres  of  cultivated  land  with 
gravel,  sand,  and  fine  calcareous  silt,  while  the  water  pours  into  the 
Nile  colouring  it  yellow  iVoni  the  quantit3'of  fine  silt  carried  down  into 
it.  These  "seils"  are  less  rare  than  is  usually  supposed  and  tlie  dry 
ai-i<l  a])pearance  of  the  desert,  together  with  the  rareness  of  rain  cause 
the  Effect  of  sucli  storms  as  do  occur  to  ])e  under-estimated. 

In  a  trough  from  2  to  10  kilometres  wide  and  100  to  oOO  metres  deep 
lies  the  Nile,  nieanderingthrotigli  a  flood  plain  forniedby  yearly  deposits 
of  silt  brought  down  from  tlie  Abyssinian  tal)leland  by  the  Blue  Nile 
^>  and  the  Atbara.  /  This   trough  was  determined  in  the  first  instance  by 

-  fractures  of  the  crust  which  caused  a  strip  of  country  from  about  Edfu 
( hit.  25°  N.)  to  Cairo  to  be  depressed,  leaving  the  plateau  standing  high 
above  it,  just  as  the  Ked  Scii  and  the  gulfs  of  Suez  and  Akaba  were 
formed,  probal)ly  about  the  same  epoch.  This  intiirference  with  the 
drainage  of  the  country  doubtless  produced  a  series  of  lakes  in  the  low- 
lying  area,  Avhile  the  drainage  of  the  eastern  jjlateau  conunenced  to 
excavate  the  valleys  wliich  now  exist  as  dry  desert  wadies,  their  develop- 
ment being  in  many  cases  far  from  complete  as  shown  I)y  the  cliffs  which 
interrupt  the  .slope  of  the  valley  wlien  a  hanU^i-  bud  of  rock  than  usual 
is  met  with. 

Into  this  depressed  area   the  drainage  of  the  southci-n  |)ai-t  of  the 
basin  finally  floAved,  and  there  laid  down  the  alluvial  deposit  through 

»  r.  S.  Geol.  Survey,  19th  Annual  report  Part  If,  Washington,  18!I9,  p.  93. 
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THE     BASIN    OF  THE     NILE.    ASWAN  -  CAIRO. 


PLATE      XXXVIII. 


Scale 
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OftlAQ  -  MAWeA    ,3Jm;   3HT  10    KIK 


•       0«      M      «• 

t      .1 -«         ' 
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which  the  rivci- flows  to-day  :  so  rli;it  unilcr  tlic  present  conditions  the 
solid  geology  of  this  part  has  but  little  effet-t  on  the  physical  conditions 
of  the  river.  Tlie  almost  horizontally  bedded  strata  of  sandstone  and 
clay  in  the  southern  area  and  of  limestone  in  the  northern  part  dip  very 
gently  in  a  northerly  direction  but  it  is  only  at  a  few  points  that  the 
river  washes  them;  for  the  most  part  it  is  confined  within  the  limits  of 
the  alluvial  plain. 

Every  few  years  slight  eartlupiake  tremors  show  that  movement  along 
the  lines  of  facture  has  not  whollv  ceasL'(l  and  tliouuh  tliese  of  recent 
years  March  28,  184fi,  October  12,  1856  and  June  24, 1870  for  instance, 
have  been  on  the  whole  slight,  in  1 808  a  very  violent  shock  occurred  on 
August  8  by  which  m\ich  diiiiiage  and  serious  loss  of  life  was  caused,* 

Climate. — At  Aswan  two  series  of  observations  exist  which  agree 
very  fairly  well.  The  first  was  taken  at  the  Military  Hospital  at  the 
north  end  of  the  town,  while  for  the  second  series  the  thermometer 
screen  is  on  the  east  l):uik  of  the  river  just  below  the  reservoir  dam 
and  about  200  metres  from  the  river. 

For  Luxor  the  winter  observations  of  Dr.  Leigh  Canney  have  been 
utilised. 

At  Assiut  a  climatological  station  was  estal)lished  in  1900  but  at 
first  the  observations  were  not  quite  regularly  made,  only  one  daily 
observation  being  taken  in  the  summer  months  of  1901. 

At  Sheikh  Fadl  and  Nag  Hamadi  the  thermometers  are  exposed  over 
cultivated  land  in  screens  and  the  results  should  represent  the  tempe- 
rature conditions  well. 

The  Beni  Suef  observations  extend  over  a  longer  period,  1893-1904 
and  give  mean  values  which  must  be  ver}-  near  the  truth.  The  instru- 
ments have  been  exposed  under  a  verandah  so  that  the  winter  minima 
are  not  as  low  as  thev  should  l)e. 

At  Giza  (Survey  Department  offices)  observations  have  been  made 
from  1902;  the  station  is  situated  in  cultivated  lands,  and  is  about 
300  metres  from  the  Nile  ;  the  observations  are  relial)le,  but  the  series 
is  too  short  a  one  to  give  the  correct  means  especially  for  the  winter 
months. 

For  Cairo  the  observations  of  the  Abbassia  Observatory  (18(59-1903) 
have  been  utilized  and  these  give  reliable  mean  values.  Its  position 
on  the  edge  of  the  cultivated  lands  of  the  Delta  with  the  desert  to 
the  east  and  south  probably   has  affected  the  results  slightly,  giving 


1   Di^  Monti'ssiis  ill  •■liiitriisi'  ziu'  (!i'Oi>liysik'"  vol.  IV,  };ives  for  E^rypt  ami  Ethiopia  12  epicentres 
anil  "ill  ftirtlinuakes  as  tracealile  from  the  works  of  tnivellers  and  historians. 
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hijjher  temperatures  in  the  months  when  easterly  wnids  prevail,  and 
lower  ones  (lurin<^  westerly  winds  tlian  would  have  l>een  recorded 
at  stations  wholly  in  the  cultivation  or  in  the  desert  respectively. 


Mean  monthly  TEMPEnATiRE. 


.Ian. 

Ket). 

Mar. 

Ai)ril 

May 

luno 

27-7 

July 

28-6 

Aug. 

2S-1 

Si'pt. 

().t. 

Nov. 
l.S-i> 

14-S 

Vf:ir. 

Cairo'.. 

12-3 

i;vs 

1  (;•'.! 

■21  • -2 

24 -.S 

2.")m; 

23 -C 

21  -4 

Gizu   ..      .. 

10-9 

i;i-() 

\r>'2 

I'.f.i 

22-7 

24 -S 

2.') -7 

26-1 

24MI 

22-l> 

17-1 

12- 11 

l'.)-4 

l?(Mii-Siii't' . . 

12-6 

14-1 

ic.-s 

20  vS 

24*'.l 

2i;-'.t 

28-1 

27-2 

2.") -3 

23-2 

],s--) 

ir)-o 

21-1 

Sli.Mkl.F:ull. 

11-0 

14MI 

17Mt 

21  •.•5 

2:) -2 

27-4 

28-6 

2S-.-) 

2.V."i 

22 -S 

i(;-7 

12-7 

20-'.> 

Assiut  . 

10-6 

la-.-) 

if.-'.i 

21 -'.I 

2.")-,S 

2.S-7 

29-9 

2'.^-:> 

2t"iM'i 

23 -i; 

17-3 

13-8 

21-") 

}\i\>l  Humaili 

12-4 

I.V7 

l'.t-4 

24-7 

27  •;3 

2'.i*'.l 

30-1 

30-1 

27-(; 

2:.-i> 

23-.-) 

14 -.S 

23-3 

Jvuxor  . 

l;Vt 

17-4 

21-1 

24-1 

•  • 

,  , 

,  , 

,  , 

,  , 

,  , 

,  , 

1  (•)-■.) 

,  , 

Kliar^ra.     .. 

i:)-s 

15-3 

IS- 7 

215 -it 

2'.C4 

:u-c. 

;ii  ■•? 

32-3 

27-1 

24-0 

18-1 

[-'«•-•  n 

Aswan 

R('stCanii>. 

ii;-s 

17- 5 

2()-!) 

2(5-6 

30-. -J 

:53-3 

8;i-'.i 

;i2M) 

3(1-4 

2s-i; 

23 -f, 

lS-2 

2li-0 

Aswan 

Rosorvoir . 

14-5 

LSM 

21-4 

2C.-1 

;}()•() 

;52'4 

32-7 

32-4 

30-3 

27  ".1 

21-7 

17-0 

2") -3 

Mean  maximim  •n:>U"KUATUiu<:. 


Jan. 

18-2 

n-h. 

Mar. 
24-2 

April 

28 -C, 

May 

32 -i; 

.Iiine 

35-1 

July 

36-1 

Auk. 

34-'.) 

Sept. 

32-2 

Oct. 

Nov. 
24-3 

Dec. 

20-2 

Ve..r. 

Cairo'..      .. 

21-1 

30-1 

28-2 

Giza   • . 

19-1 

■>■>  ■  ■) 

24-5 

28-8 

32-2 

34-2 

34-9 

34-9 

32-5 

30-7 

25-6 

21-3 

25-5 

Ben!  Siiul'. . 

19-5 

20-'.) 

24-2 

2.S-3 

32  5 

34-3 

3i-9 

33-4 

30-8 

211-1 

24-8 

21-5 

27-8 

As.siiit..      .. 

20  2 

24-7 

28-4 

32-5 

3(;-(". 

37-7 

37-9 

37-8 

31-0 

31  -3 

27-7 

22-5 

27-6 

Slioikl.  Fa.ll 

19-0 

22-8 

25-7 

2'.l  it 

33-7 

35-3 

33-2 

35 -;i 

32-1 

28-8 

24-4 

21-0 

28-7 

Nau  Hamaili 

20-5 

2") -3 

28-8 

34-0 

37-1 

39-2 

38 -'.I 

3S-(; 

35-2 

33-3 

27-3 

23-5 

31-7 

Luxor  . 

23-1 

25') 

2'.t  4 

32-1 

.   • 

. . 

31  - 1 

24-3 

,  , 

A.swaii 

Hi'stCainp. 

23-8 

24-2 

28-0 

33 -r. 

3it-3 

42-3 

!2-3 

3'.t'2 

37-6 

.35-8 

21) -6 

24-1) 

31 -It 

Aswan 

Reservoir  . 

22-9 

28-0 

31-1 

36-2 

311-1 

41-4 

41-5 

41-9 

311-7 

38-8 

31-7 

27-3 

34-1) 

Mk. 

ix  minimi:m 

TF.MI 

•KliATlUK. 

Jan. 

Fel). 

Mar. 

April 

Hay 

Juill! 

July 

Auk. 

Sf*pt. 

18-D 

Oct. 
17-1 

Nov. 
12-3 

Dec. 

Veir. 

Cain.'..      .. 

6-9 

8-2 

DD 

12-.S 

15-D 

18-5 

20-8 

20-8 

8-8 

14-4 

Gi/.a   ..      . 

6-3 

7-2 

D-0 

UD 

14-6 

17-4 

lD-0 

20  1 

IS -2 

16-5 

U-D 

X-2 

13-4 

Bcni-SiK't' . . 

5-8 

7-2 

D-5 

13  2 

17-3 

ID -6 

21-321-0 

ID -7 

17-3 

12-2 

8-5 

14-4 

Assiut  . 

4-7 

6-7 

D-4 

14() 

18-5 

21-2 

22-622-9 

2')-7 

17-4 

10-D 

7-0 

14-7 

Sheikii  Fa.U 

3-1 

5-3 

8-4 

12-8 

16-8 

lD-5 

21-o!21-2 

I.S-D 

16-7 

D-0 

4-4 

13-1 

NajrHaniadi 

4-2 

6-2 

rD-81 

ri5-;il 

17-5 

20-5 

21-0 

21-4 

20-0 

16-7 

D-8 

6-0 

14-0 

Luxor  . 

7-(; 

D-3 

12-7 

16  1 

,   , 

^  , 

,   , 

,  , 

,  ^ 

I2-D 

D-i; 

^   , 

Aswan 

Rest  ( 'amp. 

D-D 

10-7 

12D 

18-7 

21-3 

24-3 

25-5 

24-8 

23-3 

21-2 

17-5 

11-5 

18-5 

Aswan 

Reservoir  . 

9-0 

11-5 

13-8 

l.S-3 

22-0 

24-2 

24-7 

25-0 

23-0 

20-7 

15-3 

11-4 

18-2 

1  .\M>;i.-si:i  ol»scrvat(trv. 
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Range  (maximum — minimim) 


.Ian. 

Feb. 

Mar. 

April 

May 

•June 

.July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

Cairo  . . 

11-4 

12*2 

14-3 

1.5-8 

16-7 

It;  c 

15-3 

14-1 

13-3 

13-0 

12-0 

114 

13 -S 

Giza   ..     .. 

12-.S 

1  ;-)•() 

l;V.5ilf,-'.t 

17  6 

It; '8 

15-'.t 

14-8 

14-3 

14-2 

13-7 

13-1 

15-11 

Beni-SueF . . 

13-7 

13-7 

14-7'l.^.-l 

15-2 

14-7 

13 -i; 

12-4 

11-1 

11-8 

i2-i; 

13-l> 

13-5 

A;^.<illt..       .. 

i.T-rVis-u  19  0  is-.^) 

lS-1 

h',--, 

15-3 

14-'.» 

13-3 

I3".i 

ii;-8 

15-5 

It; -3 

Sheikh  Fadl. 

i(;-iH7-5,i7-;i  17-1 

i(;-'.t 

1.5-8 

15-2 

14-7 

13-3 

12-1 

15-4 

ii;-(; 

15-7 

^a<:  Haniadi 

If.  •.•5 

I'.il 

lii-()!l8*7 

ID  Mi 

19-7 

17-:) 

17-2 

15-2 

iG-t; 

17-5 

17-5 

17-.S 

Luxor.. 

I')--) 

lG-3 

10-7 

lG-1 

•  • 

a   . 

•  • 

•  • 

18-2 

14-7 

.  • 

Aswan 

Rest  Camp. 

13-;) 

13-5 

14-0 

14-9 

18-0 

18-0 

It; -8 

14-4 

14-3 

14-C 

12-1 

13-4 

14-8 

Aswan 

Reservoir  . 

i3-;t 

It; -.5 

17-3 

i7-;t 

17-1 

17-2 

lG-8 

IG-it 

It;- 7 

18-1 

lG-4 

i5-;t 

lG-7 

Me.\x  monthly  minimum  k.xtremes 


Cairo 

(iiza 

Beni-Suef  . . 

Assiiit 

Sheiiv).  Fa.ll       .. 
Naj;  Haiiiaili 
Aswan  Rest  Camj 
Aswan  Reservoir. 


.Ian. 


2-0 
2-3 
1-9 
0-5 

-l-(l 
0  9 

t;-i 

4-9 


Feb. 


4-t) 
3-5 
3-G 
2-0 
l)-8 
2-0 
5-3 
7-3 


Mar. 


0 
5 
5 
4 

2 
5 

8 


April 


8-8 
7-G 
8-8 

;i-o 


13-'.t 


May 


11-7 

10-7 
12-7 
13- G 
11-2 
12-0 

It;-'.) 

17 -G 


.hllle 


lG-0 
14-8 
lG-4 

17 -i; 
15-8 

it;-ii 

20-2 
20  5 


.Jnh 


Aug. 


Sept. 


18-2  15-8 
17-5  14-8 
18-4  ii;-8 


20-5 

18-; 

6,18-0 
2  22-5 
9  21-5 


17-8 
15-5 
15 -G 

20 -i; 

I'.t-l 


Oct. 


Nov. 


8-5 
8-0 
8-3 

t; 

4-2 

5-3 

12 

8-8 


Dec. 


4-5 

3-;t 

4-0 


•>• 


.) 


t)i 

2-3 

t;-'.i 

4-3 


Mean  monthly  maximum  extuemks. 


Cairo 22-6|28-2 

Giza 23-6  2S-3 


Jan. 


Feb. 


Beni-.Siiet' 
Assiiit.. 
Slieii<h  Fa.il 
Nag  Haiuaili 
Aswan  Rest  ( 'amp 
Aswan  Reservoir. 


.24-9,27-8 
25-4';$0-8 
23-G|28-G 

.  25-4  30-8 
31-1  30- f) 
20-2  .33-9 


Mar.     April 


33-8 
31 -i; 
32-7 
37-5 
;i4-G 
37-1 
38 -G 
3'.) 


May 


40' 
4(f 
3'.1' 

44' 


4 

0 

4 

li42- 
'.I  42' 
40-G145' 
44-it|45 


.June 


41-6 

;{'.»-, s 

2 


.S40 
0  43 
241 
5  44 


Julv 


.5;i- 

.3'.f 
38' 
42 
40' 
43' 
45 
45 


Aug. 


40-0 
38-4 
37-8 
41-2 
39-3 
43-0 
43-3 
44-3 


Sept. 


Oct. 


3G-'.)  35 
3G-8!37-t' 


Nov. 


20-1 
33-5 


JVx'. 


25-3 


2G-4 


.35-3  .33 -1  20-2 
38-8  .37-1 '32-1  27 -.S 
37-8  .32-8I30-O  27-2 
.30-0  .38-4  .^-528-7 


41-1 
42-2 


14  1  34-4 
41-5.38-2 


31-3 
.32-8 
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MkAN   RkI.ATIVK    IlrMIDITV 


Jail . 

Feb. 
(■)."> 

Mar. 

50 

April 

51 

May 

.Ill'.U' 

.50 

5(; 

Sept. 

t;2 

Oct. 

Nov. 

Dee. 

70 

Year. 

Ciiiio 

(J:i 

47 

47 

51 

(Jiza   

S2 

77 

7(» 

t;;5 

57 

57 

(•.3 

(•.7 

73 

75 

75 

■SI 

70 

Assiiit 

C.il 

(-.7 

5(; 

40 

.•JO 

31 

3(5 

42 

.5(1 

t;2 

•;;) 

("I'.l 

52 

Aswan 

51 

;i7 

.■52 

30 

25 

24 

22 

23 

;}() 

;i'.i 

31 

51 

33 

Hki.ativk  lIiMiinTY  (<S  or  '.I  ii.in.J 


•Jan . 

Feb. 

84 

Mar. 

April 
(18 

May 

(■.5 

.Iiiiie 

04 

.July 
7.3 

Aug. 

70 

Sept. 

80 

Oct. 

80 

Nov. 

Pe.-. 

8(5 

^'ear. 

(iiza    ..      .. 

87 

74 

77 

7(; 

As.-^iut 

7G 

08 

5!) 

45 

3(; 

40 

45 

48 

OO 

07 

72 

74 

58 

Kliav^a  '     . . 

.5;t 

32 

24 

r.) 

14 

18 

I'.l 

18 

27 

■2X 

.30 

03 

2.1 

Aswan 

58 

48 

38 

34 

2'.l 

28 

27 

28 

37 

42 

47 

54 

3.) 

1{i:lativh  Humiditv  (2  or  3  ji.ni.) 


Jan. 

Feb. 

Mar. 
34 

April 

May 
24 

.Time 

July 

A..?. 

32 

Sept. 

Oct. 

42 

N.iv. 
45 

Dec. 

4!) 

Year. 

( 'aii'o  . . 

47 

40 

27 

25 

27 

3'.t 

.30 

(jiza    .. 

51 

42 

3lt 

30 

.30 

.33 

30 

30 

44 

52 

44 

50 

41 

A.ssiiit 

.34 

44 

24 

21 

10 

17 

9-7 

•>2 

31 

.38 

48 

40 

.30 

Aswan 

.30 

22 

17 

17 

15 

15 

13 

13 

18 

22 

25 

.30 

20 

Mkan  YAPorR  Texsiox 


r 


Jan. 

7-2 

Feb. 

Mar. 

April 

Ma\- 

June 

July 

Aug. 

Sept. 

14-2 

n,-t. 
13-2 

Nov. 

10-0 

Dec. 

8-1 

Year. 

Cairo  . . 

7-3 

7-8 

8-7 

13-0 

14-0 

i(i-i; 

Gi/.a    .. 

7-2 

7-4 

8-4 

10-2 

11-0 

13-4 

15-1 

15-8 

15-0 

14-3 

10-8 

8-3 

ii-i; 

Assiiit 

0-4 

7-2 

0-8 

7-2 

8-4 

lo-l 

10-4 

11-3 

12-8 

13-0 

10-0 

7-7    '.1-3 

Aswan 

5 -it 

5-3 

5-0 

7-4 

7'7 

8-4 

7-.S 

7-4 

11 -1 

if  5 

7-3 

(;-7 

7-3 

On  leaving  A.swan  the  rivor  liow.'^  due  north  in  a  narrow  valley 
hardly  more  tliaii  a  kilometre  wide  and  boiuided  by  sandstone  cliffs 
ab;)ut  20-.30  metres  high  ;  behind  this  tlie  des-ert  rises  .slowly  till  on  the 
west  alx)ut  20  to  30  kilometres  distant  tlu;  steep  face  of  the  cretaceous 


'  Kliar<ra  Oasis  gives  desert  values  for  compari.'^on  with  those  of  the  v.illey. 
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liuieit<2ue  cliffs  is  seen  houiuliiifi-  the  higher  desert  plateau  (oOO  m.); 
on  the  east  the  rise  is  more  gradual  and  here  the  Wadi  Khareit  with  its 
tributary  valleys  drains  the  eastern  plain  for  a  (hstance  of  200  kilome- 
tres finally  meetiiig  the  Xile  valley  at  Kom  Onibo.  Below  this  the 
\alley  widens  somewhat  and  receives  another  main  valley,  Wadi  Siiaid, 
just  alx)ve  Silsila.  / 

At  Gebel  Silsila  the  Xile  flows  through  a  comparatively  narrow 
I'hannel  850  metres  wide  and  many  writers  have  maintained  that  there 
was  formerly  a  rockv  barrier  at  thi^  pdiiit  which  the  river  has  in  time 
i-emoved. 

AtEdfuthe  river  turns  to  the  north-wot  ami  flow  s  in  an  alluvial  plain  ^ 
about  6  kilometres  in  width  where  high  limestone  cliffs  bound  the  strip 
of  laud  which  has  l)3eu  depressed  thus  forming  a  convenient  drainage 
line  for  the  Nile.  For  many  kilometres  now  the  river  occupies  this 
trough  in  the  limestone  plateau  following  a  direction  which  varies  from 
north-west  to  a  little  east  of  north,  except  for  some  (50  kilometres 
below  Qena  where  it  turns  abru})tly  somewhat  south  of  west  as  far 
as  Farshut.  Beyond  this  the  alluvial  plain  increases  in  Avidth  being 
15  kilometres  wide  near  Sohag,  while  near  Mt'Uawi  it  reiiches  IG,  and 
at  Beni  Suef  21. 

Tiiere  is  but  little  change  in  the  geographical  character  of  the  valley 
until  near  Beni-Suef  when  the  limestone  jtlateau  bends  back  so  as  to 
include  the  depression  of  the  Fayum  afterwards  passing  under  later 
deposits  and  not  again  appearing  on  this  side.  1 

The  general  dimensions  of  the  valley  are  shown  in  the  following 
tftbte-and  in  tlie  cross-sections  on  Plates  XXXIX  and  XL. 


Kiloiiu-tri's  fiiiiii 
Aswan. 

Width. 

Place. 

of  liiver. 

of  ullnvial  plain. 

Befneen  clifl's. 

A-^waii         

Edfii          

Ijtixor         

Qiift           

Farsliiit      

Soliaj:         

Assiut        

Meilawi      

Miiiia         

Fcslin         

B(Mii-Siict' 

ElAvat 

Cairo          

() 

110 

21'." 

2i;t 

44,S 
541) 
(•)50 

,00 

7112 
82(! 

s:)5 
:i4:) 

metix's 

.S0() 

.S(H) 

12.j() 

7.")() 

12(K) 

4.^)0 

IHH) 

.S.^)(» 

looo 

looo 

1;")(K» 

son 

(lOO 

km. 

(';-4 

1-1» 

11-5 

1(V5 

15 

10 

It! 
11-5 
1.5 
21 
7-5 
15 

km. 

2-8 
8 
12-5 
15 
IH 
18 
12 
22 
17 
17 
24 
l)-5 
17 

—  300 


Taking  the   Huol  level   oi"   the   river  as  giviiijjf  a|iiii-oximatelv  the 
slope  of  the  flood  plain  we  have.' 


I'lac. 

Distance. 

FlciOll    WlltlT-slopi' 

1  ill 

Asw:in  to  Silsila 

Ktlinnctri-s. 

70 
250 
150 

i;o 

ISO 

'.10 

100 

1 1  500 

Silsila  to  gasi- el  S;i;iil       

Qasr  el  Saad  to  Kliazimlaiia 

KliaziiiJaria  to  Assiut       

Assiiit  to  Belli  Mazar        

Bt'ui  Mazar  to  Ajilimcnf 

Ashnient  to  Cairo      

]|..S(10 

iL',;;(io 

1  1  ..S(  K ) 
1  1 .000 
1 1 ,000 

ii,(;oo 

The  interesting  depression  of  the  Fayiun  wliieh  lies  on  the  west  of 
the  Nile  valley  some  85  kilometres  south  of  Cairo,  ino  longer  affects 
the  regimen  of  the  Nile  but  concerns  rather  the  utilization  of  its  water 
suppl}'.)  In  Pliofcne  times  it  was  occupied  by  the  sea  which  then 
"^xtencR'd  for  some  disttuice  up  the  Nile  valley.  Later  on  in  Pleistocene 
times,  when  the  drainage  of  North-Eastern  Africa  flowed  down  the 
Nile  valley  at  a  considerably  higher  level  than  to-day,  the  Fayum 
de])ressi()n  became  a  lake  connnunicating  with  the  river.  Later  on  as 
the  ri\er  eroded  its  bed,  the  depression  was  probabh'  cut  off  from  the  ^^^ 
\'alley,  until  in  early  historic  times  the  river-bed  had  again  risen  suflfi-  n 
ciently  by  deposition  to  render  po.ssible  the  diversion  of  part  of  its 
supply  into  the  Fayum.  From  that  time  by  regulating  the  amount 
.so  diverted  it  was  po.ssible  to  reclaim  gradually  almost  the  whole  of  tlu; 
floor  of  this  low-lying  area  for  cultivation."  Now  all  that  remains  of 
the  former  lake  is  an  area  of  2o;^  square  kilonieti'es  of  brackish  water 
which  is  being  reduced  yearly  as  the  water  which  reaches  it  is  less 
than  that  which  is  reuKjved  by  evaporation.  The  mean  depth  of  the 
eastern  portion  is  to-da}'  8'7  metres,  wliile  that  of  the  western  portion 
is  5*5  metres,  the  maximum  depth  being  S  metres.  i 

Material  carried  in  suspension  by  the  Nile. — In  this  reach 
a  large  part  of  the  material  which  has  l)eL'n  scoured  out  of  the  ravines 
of  the  Abyssinian  tableland  by  its  torrents  in  the  rainy  season  is 
deposited  to  form  the  flood  plain  which  tt)gether  with  the  Delta  makes 


•  Willcoiks.  Kgyptian  Inigation,  2iul  Eil..  Lniidon  1899.  p.4."i. 

-  C'f.  I'eiiiliifii,  '•'J'Ik'  Tii|Mi^ia|iliy  ami  Cieiloiiy  iif  the  Fayum  I'mviiifi-."  Cairu,  liiu.j,  \t.  2lj. 
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ii|i  tliL'  land  n|"  lOiiN  [)t.  and  it  will  Itc  convenient  to  collect  togetlier  Uie 
available  data  w  liidi  hcai-  njxm  the  deposition  of  the  Nile  mud. 

Since  the  White  Nile  plays  hut  a  very  subordinate  part  in  the  Hood 
and  its  velocity  at  this  time  is  at  the  lowest,  no  suspended  matter  can 
then  be  furnished  by  it,  but  all  must  be  derived  from  the  lilue  Nile  and 
the  Atbara.  While  the  volume  discharged  by  these  rivers  was  being 
measured  in  1902-3  some  sami)les  of  silt  were  also  collected,  but  bein"- 
taken  without  sjiecially  designed  apparatus  they  do  not  give  an  accurate 
representation  of  the  silt  in  suspension  since  but  a  single  sample  was 
taken  on  each  occasion  from  near  the  surface  in  the  middle  of  the  ri\er 
and  no  atti'uipt  was  made  to  determine  thv.  variation  in  the  amount  of 
silt  in  either  a  horizontal  or  a  \ertical  direction,  nor  was  the  bottom-load 
ever  determined. 


Air  dried  oid//. 
Sediment  in  sisi-k-vsion  ix  the  Blie  Xiee  of  KiiAinnL-Ar. 


Wiitei- 

Weigllt 

I'ai-ts 

Water 

Weight 

Parts 

Pate. 

tllUell 

in 

pel- 

Date. 

talveu 

in 

per 

litres. 

};r:inif. 

million 

litres. 

grams 

million 

]',l(ll' 

May 

'.1      .  .       ,  . 

■M 

4.42(; 

I2;i 

Nov 

1.'.      ..       .. 

15 

1.220 

81 

)? 

17     ..      .. 

m 

2.18(i 

i;o 

,, 

20      ..       .. 

15 

0.1170 

C5 

•» 

2i     . .      . . 

•M 

2.7(»(l 

75 

.. 

27      . .       .  . 

15 

1.070 

71 

2X     . .      . . 

.•$c, 

i.;i.5(> 

;!7 

Dec. 

4       ..       .. 

15 

0.(;20 

41 

fllllK* 

"' 

;i(] 

1.7.^(1 

4'.l 

,, 

11       ..       .. 

15 

0.440 

29 

?) 

14     '.'.     '.'. 

:5f. 

4.1.5(1 

115 

,, 

I.S      ..       .. 

15 

O.GCiO 

44 

jt 

21     . .     . . 

IS 

(;.I5() 

;i42 

„ 

25     . ,      . , 

15 

0.4(io 

31 

2S     . .      . . 

18 

5.;!5() 

2117 

July 

.") 

■M 

HO. 480 

847 

r.io;! 

57 

17     . .      . . 

;](•. 

i;5..5;>o 

;577 

11 

24     . .     . . 

■m; 

i;5.r,25 

:i78 

Jmm. 

1    ..    .. 

15 

0.470 

;ii 

Aug. 

2 

m 

.•$7.t;5o 

104C) 

?» 

8     . .      . . 

15 

0.400 

27 

)? 

K!     ..      .. 

15 

14.8.50 

ll'.IO 

15     ..      .. 

15 

0.420 

28 

2(t     ..      .. 

U) 

11.700 

(■.47 

)• 

22     . . 

15 

0.. ■!.")(> 

2:5 

,, 

2'.»     . .      . . 

1") 

17.200 

1147 

•>' 

:M)    . .'    .'. 

15 

O.dOO 

40 

S.'pt. 

4     ..     .. 

15 

2;5.f>oo 

157.-! 

F.4,. 

.1 

]5 

o.(;.")0 

43 

?9 

11     ..     .. 

15 

15.750 

1050 

)? 

12     . .      . . 

15 

O.'ilO 

21 

•1 

18     . .     . . 

15 

:t.;52o 

(121 

•1 

11)     . .      . . 

15 

0.410 

27 

■2'}     ..     . . 

15 

6.. 500 

4;5it 

V 

2t;   . .    . . 

15 

O.4C.0 

:n 

0"(,"t. 

■' 

15 

C.140 

401) 

Mar. 

5 

15 

o.;5oo 

20 

?? 

;•    .  .    .  . 

15 

:5.(;oo 

240 

?) 

12     . .     . . 

15 

0.7:50 

41) 

)5 

If,    ..    .. 

15 

2.5'.lO 

17.5 

«^ 

11)     . .     . . 

15 

0.510 

U 

?? 

2.3     . .     . . 

15 

2.2.10 

1.50 

,, 

2(;    . .    . . 

15 

0.7tM> 

47 

.•{(1     . .     . . 

15 

1.810 

121 

A|iri 

12     ..      .. 

15 

O.tUlO 

40 

N()\'. 

i\     ..     .. 

15 

2.:5go 

15;5 

T^ 

!•     . . 

15 

0.7.50 

.50 

;!(i2 


These  (juantities  of  silt  in  suspension  ni;iy  be  <i,'iven  also  as  tlie  averajje 
I'or  each  month  in  190:2,  a  year  of  exceptionally  low  tlood. 


Munth. 

Averajrt'  parts 
per  inillioiia 

Mmitli. 

Aveni^'e  purls 
per  iniliioii. 

.liiiiiiai-y       

I'\'liriiai-v 

Mairli    "      

April 

May 

June 

;57 

45 

74 

201 

July      

Aiijjiist 

Sc]itciiilicr 

Oetolicr         

Noxcmhcr 

Dcccmlicr 

400 
'.>.")S 

'.t2 

An  ol)servation  made  by  Figari'  at  the  junction  of  the  Blue  and  White 
Niles  north  of  Khartoum  on  July  30,  1.S37  gave  1000  parts  per  million 
which  agrees  fairly  Avitli  those  ol)t^iined  in  1902. 

ChtMu"  gives  the  amount  of  material  in  sus])ension  in  sami)les  of  Ulue 
Nile  water  taken  opposite  the  old  Khartoum  Arsenal  on  February  Sand 
August  15,  1877  as  1"5629  and  16"7341 ;  the  unit  to  which  these  figures 
refer  is  not  mentioned  but  it  may  begranunes  per  10  litres,  which  would 
be  equivalent  to  15()  and  1()73  parts  per  million.  Neitlier  size  of  the 
sample  nor  the  method  af  collection  is  given. 

The  flood  of  1902  was  a  very  feeble  one,  being  only  0'G3  of  a  mean 
tiood,  so  that  the  (juantity  of  material  in  suspansion  is  also  balow  tlic 
avera""e;  Fiii'ari's  result  was  taken  al)out  a  month  before  tlu;  IJlue  Nile 
reached  a  maximum  in  a  year  of  bad  tiood  while  C'helu's  value  of 
1S77  was  in  a  year  of  bad  Hood  and  14  days  before  the  maximum  level  of 
the  river  though  the  last  fact  is  not  of  so  much  weight  since  the  highest 
velocity  is  usually  a  little  l)efore  the  highest  gauge  reading,  when  the 


river  is  still  rising. 


The  Atbara  has  always  been  described  as  a  river  which  carries  a 
heavy  load  of  sediment  in  flood  and  the  only  two  measurements  which 
have  been  made  would  seem  to  bear  this  out. 

The  single  observation  from  the  Atbara  in  Hood  in  August  1902 
giving  4758  parts  per  million  of  suspended  matter  is  of  interest,  and 
should  be  verified  i)y  further  investigation  as  it  would  apjjearas  though 
this  river  discharging  about  one  fifth  of  the  volume  of  the  Blue  Nile 


1  Quoted  by  Ventre  In  -'Sol  Egyptien  et  Engrais."  Bull,  Inst.   E^'ypt,  N"  10,  188'J,  ("airu. 
»  ■'  Le  Nil,  Le  Soudaii,  I'Egypte."  p.  2."). 
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luiiy  at  times  eariy  luitterial  in  suspension  which  in  ([uantiiy  may  not 
be  very  greatly  inferior  to  that  of  the  Bhie  Xile. 


Atbara. 


Diite. 

Water  tnkeii,  litres. 

Weigh!  ill  grains. 

P.iits  per  million. 

1'J(I2 

August        24 

Scptcniher  22 

i'5 
1;-) 

4i;-i) 

8-") 

47.58 
.567 

Similar  measurements  oF  tlie  silt  carried  in  suspension  by  the  water 
o£  the  AVhite  Xile  were  also  made  during  the  .same  [)erioil,  but  as  the 
point  from  which  the  water  samples  w^ere  taken  was  near  the  junction 
of  the  two  streams,  the  results  during  the  flood  of  the  Blue  Kile  are 
unreliable  as  it  is  impossible  to  ensure  that  the  silt  was  due  to  the 
White  Xile  water  only ;  in  fact  the  irregular  increases  shown  are 
certainly  (hie  to  silt  from  the  water  of  the  Blue  Nile. 


W:itcr 

Weiglit 

■ 

r.iit.< 

Water 

Weiglit 

Parts 

Date. 

taken 
litres. 

111 
grains. 

(ler  iiiiilioii. 

D.ite. 

taken 
litres. 

in  grair.s. 

l>er 
miliiiiti. 

i:i(i2 

May  24..      .. 

:)G 

2.25 

(;2 

Nov.  20..     .. 

15 

2.54 

](V.) 

,.    2;). .    . . 

;{(; 

2.20 

r.i 

..     27..     .. 

15 

1.20 

,sn 

June   ;!.. 

18 

;}.(H> 

107 

Dec.    4..     .. 

15 

0.8'.l 

5;t 

„     14..      .. 

;5t3 

4.85 

i;{5 

,.     11..      .. 

15 

O.'.tC. 

(•.4 

„     21..      .. 

M 

.•5.  (-.5 

101 

..     18..      .. 

15 

0.87 

58 

..     28..      .. 

m 

2.. 50 

(■)!> 

..     2:^..      .. 

15 

1..52 

88 

Jiilv    .->..      .. 

•m; 

(;.4(» 

1781 

^ 

.,     17..      .. 

:v> 

7,  CO 

211 

•= 

i'.t(i;5 

.,     2i..      .. 

■M 

5.75 

IGO 

^ 

Auii.   2..      .. 

•m; 

;•.;)() 

275 

f  «; 

.laii.     1..      .. 

15 

o.7'.i 

5;! 

„   i;i..    .. 

1.5 

4.  CO 

;511 

'■z-y. 

,.       8..      .. 

15 

i.i;i 

(.) 

.,    20..     .. 

If) 

i.;}7 

It] 

f  -  s 

..     15..      .. 

15 

1.21 

81 

„     2it..      .. 

1;5 

(;.42 

428 

■)■) 

15 

2.11 

141 

Sept.    !••      .. 

1.5 

O.'.to 

(;;5 

6.= 

„    .-{o..     .. 

15 

0.'.)5 

(•..•5 

„     11..      .. 

1.5 

;{.i;{ 

20".  t 

>. 

Feb.    5..      .. 

15 

1.01 

(•.7 

„     18..      ,. 

15 

2.()!t 

i;i:t 

„     12..      .. 

15 

o.:i5 

(•..•5 

.,     2;")..     .. 

15 

2.. -58 

1.5:1  J 

? 

.,     I'.t..      .. 

15 

0.8;', 

.).) 

Oct.     2   .      .. 

15 

O.Cu 

45 

,.   2i;..    .. 

15 

0.7:5 

4') 

„       '.'••      .. 

15 

1.07 

71 

.Mar.    5..      .. 

15 

o.i;i 

41 

„     IC...      .. 

15 

i.2(; 

80 

..     12..      .. 

15 

1.05 

70 

,.    2:i..    .. 

15 

0.85 

57 

.,     l-.t..      .. 

15 

0.84 

5C> 

.,    :ii)..    .. 

15 

o.g;5 

42 

..    2C...     .. 

15 

0..55 

.•i7 

Nov.   Ci..     .. 

15 

1.28 

85 

April  2..      .. 

15 

o.(;5 

4.5 

„   i;i..    .. 

15 

i.;u 

87 

'.'..      .. 

15 

0.50 

.W 

Ne<;"lwtiiij^'  till'  results  obuiued  fV.)iu  'inly  .")  up  (o  SujiUmiiIk!!-  2^ 
as  probal)lj  affected  by  tlie  Blue  Nile  water  the  mean  (quantity  of  silt 
in  the  White  Nile  is  74  ])arts  pin-  iniHioii. 

The  samples  from  both  the  Blue  and  White  Niles  were  taken 
a])j)roximateIy  from  the  centre  of  the  stream. 

I'litil  therefore  more  satisfactory  data  are  axailablc,  wliich  lia\e  been 
obtained  carefully  and  which  depend  on  a  very  larj^e  immber  of 
observations  taken  during  the  flood  on  freipient  occasions  and  at 
numerous  ])arts  of  the  river  section  both  \ertically  and  horizontally', 
we  must  be  content  with  a  rou^h  approximation  to  the  true  value. 
We  may  probably  t^xke  l-40()  parts  per  million  as  the  maximum  amount 
of  suspended  matter  carried  for  2  oi-  ^  weeks  by  the  Blue  Nile  in 
flood,  but  for  the  Atbara  no  estimate  is  at  ]>resent  possible.  As  all 
availabU^  data  are  derived  from  water  samples  collected  at  or  close  to 
the  surface,  a  further  addition,  and  probably  a  considerable  one,  has 
to  l)e  made  for  the  lari^e  amount  carried  in  the  lower  layers  of  the 
river  and  esjiocially  for  that  which  is  haU'  carried  half  rolled  along 
near  the  bottom.  As  no  observations  have  yet  been  made  with  a  view 
of  determining  tliis  amount  it  must  be  neglected  and  cannot  be  included 
in  this  discussion. 

Durinjj  the  flood  of  1905  discharge  measurements  were  made  at 
Sarras  but  there  was  not  time  to  complete  the  equipmentof  a  permanent 
gauging  station  before  the  flood  rose,  and  the  temporary  hawsers  were 
carried  away  in  the  latter  part  of  August.  S2)ecimens  of  water  were 
collected  regularly  so  long  as  measurements  continued  but  they  were 
not  taken  at  sufficiently  numerous  points  in  the  section  to  give  reliable 
mean  values  in  August  when  the  velocity  was  consideraljle. 

Sediment  rx  sispension  in  xile  w.vrEU  at  Saruas  in  1'M)7i. 


Sate 


June  22. . 

„     28.. 

„   ;«).. 

Julv  2.. 
,."  4.. 
„      5.. 

„     s.. 

„  12.. 
„  14.. 
„     IC. 


Amount 

I'arts  per  niillioii. 

takfQ 

litres 

Orgivnk' 

Mineral 

Total 

m 

2-7 

18 -it 

21 T. 

5-2 

•>••) 

8-4 

10  m; 

.5-1 

2-8 

8-4 

11-2 

.5-1 

2-n 

8-7 

11-3 

.5-2 

;SM) 

'.l-O 

12-0 

m 

.•!•(! 

;»•.') 

12 -.5 

.5-0 

4-!t 

'.I'D 

14-8 

.VI 

4-4 

;i-o 

i:{-4 

rrO 

;{•;! 

'.••2 

12-6 

ri'2 

2-r> 

8';) 

11-4 

'rl 

;j-7 

12-9 

IG-G 

Remarks 
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Skdiment  in  slspk.ssion  in  Nile  Water  at  >Sakuas  in  19()5-rwi//»"(>(/. 


Amount 

I'aits  |i>-r  niillicins 

I);itr. 

taken 

litres 

Ueniarks 

Oifiiinic 

Mineral 

Total 

.h.lv  IS 

:>.(» 

:{.5 

i(;.5 

20.0 

.,'    2(1 

:).i 

4.2 

22.2 

2(5.5 

■)•>, 

.j.d 

i.e. 

20. '.1 

25.5 

!;  'n.'.'.   '.'.'.   '.'. 

5.2 

3.8 

20.3 

24.1 

.,  2t; 

5.1 

6.G 

42.(3 

4'J.2 

.,   28 

5.2 

13.5 

8(5.2 

;t;t.6 

.,   .-io 

5.1 

.•{8.2 

287.3 

325.5 

Au^'.   2 

r>.-2 

5C).7 

.580.2 

(•,37.0 

.,     1 

O.O 

:54.4 

37'.l.5 

4 13.  It 

.,      0 

4.4 

1(14.7 

'.>'.to.4 

lo:t5.1 

.,      8 

5.(5 

8.S.7 

782.2 

.S(;5.'.i 

,.     12 

5.1 

85.8 

(528.4 

714.2 

„     14 

5.1 

'.U.O 

022. ',1 

713.11 

]00  metres   from 

E:i-t   Bank. 

.,     14 

2.8 

23.5 

217.2 

240.7 

40       .. 

., 

„     IC. 

5.1 

78.0 

738.  Ci 

8it;.(; 

100       ,. 

"                 ^1 

..    d; 

1.8 

17.3 

12'.i.0 

i4(;.4 

1110       .. 

'»                 5> 

.,    It; 

„    18 

O.'l 
4.2 

24.4 
107.2 

I'.ll.l 
837.1 

215.(5 
',144.3 

40      „ 

07       .,          „ 

„    18 

i.;t 

28.0 

17t;.8 

204. 'J 

47      „ 

9'                  •' 

„    20 

5.2 

123.7 

1358.2 

1481.  ;i 

110      „ 

?9                 •• 

„    20 

i.'.i 

28.7 

1(;7.2 

11)5.8 

2(M)      „ 

?9                 ?) 

„    20 

l.S 

28.  C. 

22'.t.l 

257.7 

50      „ 

9'                  ■• 

22 

5.1 

lo'.i.i; 

88;  1.8 

Itltlt .  4 

40      „ 

"     2I'.'.'.     '.'.'.     '.'. 

4.;! 

113.7 

1145.2 

I258.lt 

40      ., 

7)                  ?^ 

Scj.t.   1 

5.1 

5(5.7 

575.'.! 

(532.(5 

40      „ 

!•»                    •>•> 

At  Nag  Hauiadi  (34.5  kilometre?*  below  Asiwau)  very  interesting 
observations  have  been  made  by  Mr.  Nans,  director  of  the  Sugar 
Factory  at  that  place,  on  the  amount  of  silt  carried  by  the  Nile  at  this . 
point  in  the  yearis  1903-5';  samples  were  taken  everv  .")  davs  from 
May  to  the  end  of  December  and  after  that  at  longer  inter\als.  The 
results  are  of  great  interest  and  are  "-iven  in  the  followiii"'  table. 

The  samples  were  taken  50  metres  from  the  Iwnk,  Avhere  the  current 


was  strongest 


'   Kindly  toinMiiiiiiLat<'(l  liy   ili \.   OaVLV.   Dinctor  uf  the  Conipjiny.  to  wlioui  I  am  indel>t«<l 

for  iit-rmiissioM  publii'h  to  them. 


SO 
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RlCDl.MKST    C'AKlilKJ)    IN    Hl'SlT-NSION    IN    I'AICIS    I'KR    MILLION    AT    N'A(i   HaMAI'L 


Dati-. 

I'JOH 

I'JO-l 

IDO.-. 

Menu  (if  nioiiil 

.Me 

1!  of   IIU  11    )l 

•  Fmii.       .')      

•  . 

' 

4.-> 

i 

.,     ■2:>    

70 

74 

1(1 

42 

..     .'n    

77 

F.'l..  ]-.    

• , 

.•'.0 

i 

.■50 

■20     

. . 

;!:" 

;!i 

[ 

:.',s    

.■'.'.1 

\ 

Mmi-.   ].-)     

44 

41 

M:.v    1(1     

:vj 

\ 

.'is 

1 

1.")     

.•54 

1 

.■i2 

•20     

40 

1 

;!(; 

;'.(; 

1 

34 

2')     

;si 

.■11 

.',(1     

;i(; 

.■51 

.IllllC        .')         

44 

\ 

.,     1(1   

48 

21 

/ 

„     1."'  

7.") 

f 

70 

28 

31 

20     

77 

( 

4:5 

\ 

■2:,    

IIS 

] 

.■id    

7.S 

.•i] 

Jnlv     :.     

.-)4 

1 

■2'> 

\ 

1(1    

;52 

1 

42 

I.-)   

41 

( 

,S2 

[ 

•'(t 

2(1    

42 

/ 

;5.5 

.IO 

•2't     

()l)si-r\:itiiiiif-  bi-f,';iii 

04 

1 

;58 

;)()    

:)-2rj 

.Mean  nf  iiiiititli 

2(10 

' 

4'.l 

1 

Aii;i-.     .")      

;i.-)i 

\ 

.■)i(; 

\ 

.•58 

\ 

10     

4(;7 

'.I.V.I 

2S4 

1.')     

y.'A 

\          7<ni 

1204 

{ 

io'.k; 

471 

f 

(173 

1^0     

771 

;           i  ,K' 

12«'.i 

i 

7i;i 

2', 

12;'..! 

141.S 

'.ICI 

'.'.       "io     '.'.'.     '.'.'. 

I  i:w< 

1 

ILS.S 

/ 

1.-.2I 

/ 

Sc]it.     .")     

1127 

\ 

'.142 

\ 

1774 

\ 

10       

1 2."..S 

.S27 

i(;27 

i:.    

111! 

'     ir.i 

70'.i 

( 

Ti'.  I 

1  ISS 

f 

14.54 

I'd    

iO',12 

1 1 .)  ( 

714 

i 

Ml  i 

1411 

1 

■2:>    

ii;;2 

Ci'.L' 

\ 

i;ii8 

i 

..     ;{o    

'.i;ii 

CIO 

'.ISS 

Oct.        .")      

.s;{2 

\ 

."..■{2 

^ 

s;i7 

1(1    

77(; 

.-.O.i 

1 

77ii 

7S4 

„     1">  

•  >   t 

('.71 

,;:.., 

40.'. 
:!27 

401 

('.7') 

-1    

.^7o 

1 

OllSTVMtil 

)ns 

L'eiised. 

.,     -'■")  

VM\ 

.■5S2 

;i(i    

4.VS 

/ 

2.V,l 

/ 

N()\.     •")    

.■541 

1 

r.i7 

\ 

10     

.■{14 

Kid 

1.")    

JO      

.■il4 

2.S7 

290 

14.5 
147 

i 

l.V. 

2.")     

2(10 

1 

122 

;!o     

221 

/ 

Dec.     r>     

LSI 

\ 

Sll 

\ 

10     

1(;2 

1 

7.S 

,.        1''     

20     

14!. 

i;{;i 

1      ^^' 

1') 
71 

f 
i 

*:>! 

2'>     

]2.S 

1 

.V.I 

••        •^"     

'.•3 

' 

;5i 

/ 

—  ;i()7 


Niiiiierou.s  (leteriniiiiitions  of  material  in  suspension  have  been  nia<le 
near  Cairo  hut  these  are  not  niueh  more  satisfactory  than  those  on 
the  upper  Nile  since  it  api)ears  that  a  single  surface  sample  alone  wns 
taken  on  each  date. 

Mustafa  Magdali  '  determined  the  amount  of  material  in  suspension 
at  Cairo  once  a  month  for  lU  mouths  from  August  1849  to  July  1850, 
l)ut  the  amounts,  especially  those  for  August  and  September  appear 
niucli  too  high.  The  ([uantity  of  water  taken  as  a  sami)le  is  not 
mentioned  nor  is  the  method  of  collection  describeb.  but  doubtless  it 
wns  from   the  surface  only;    organic  and   inorganic   residues  are  also 

MaTTKU    in  SLSl'ENSlUNi")    IN   lAKTS  PEU  MILLION. 


Uat 

e. 

Organic. 

Inorganic. 

T.ital. 

.Iaiui;ir\' 

;i 

IS.IO 

Si' 

142 

224 

Fcliniaix 

];i 

.. 

i7(; 

.50 

22(; 

Maroii 

I'l 

.. 

\V2 

34 

i4(; 

Ma\- 

i;! 

., 

iit; 

48 

114 

.llinr 

1.1 

., 

14 

.•12 

4(; 

July 

17 

48 

.58 

km; 

August 

28 

18411 

1188 

428r, 

.5474 

Septcuilicr 

2;$ 

117'.t 

;i941 

;5120 

October 

17 

,. 

81(; 

1109 

1925 

NovpuiIkm- 

IC, 

•• 

72C, 

510 

J2;i(; 

described  as  coml)Ustible  i.nd  incombustible,  this  apparently  being  the 
only  method   of   deterniiimtion  employed. 

Sampleswere  again  taken  at  Cairo  on  the  l.")th  of  each  month  in  1887 
and  these  were  examined  by  M.  Mathey''  (ex-clumiste  <hi  laboraloire 
municipal  de  la  Ville  de  Paris)  with  the  following  results: 

SrsI'EN  1> i:i)    M ATTEU. 


ItlODtll 

Offranic 

Mineral 

Total  < 

Parts  per  million 

.lauuarv         

0.1928 

1.4.528 

l.(i4.5(; 

ii;5 

Fcliruarv       

(I.Kw.'i 

1.21C..S 

l.;5241 

i;}2 

Maivh    

(l.Oi;92 

o.(;5',ts 

0.7290 

73 

A|.ril      

O.OC.Ol 

0.4:{77 

0.498] 

,50 

Mav         

(1.0957 

o.4()o;i 

0.49(;4 

.50 

June      

().8;iJ2 

0.5929 

1.1271 

I4.( 

.luly       

0.9174 

0.9018 

-/: 

182 

Auiiust 

1.827! 

10.522;'. 

12.. ■5192 

12;?5 

S('|it('iiilK'r     

O.I'.US 

1. 91811 

5..5;i;i7 

.5.5.'! 

Octolicr 

0.47.54 

:t.4282 

;!.9o;5r) 

.■•.90 

Ntivcnilicr      

o.;U75 

2.98,S4 

;!.;i;i.59 

;i;i4 

Dcccuihcr      

o.i9;{(; 

2.7208 

2.9144 

291 

'   '-JIi'iu.    Inst.    Egfjpt."  tiini'   1.   |i.l7:ii;   I'ari,-   18r,2. 
-  .\ir  dried  only. 

'■'  -Annak'.*  de  la  scienn  agrononiiiiue"  tome  11,  p.  34(i. 

'   Perhaps  dei-ijiranis  per  litre,  liut  not  detinitely  .stated:  if  grams  [ler  litre  tl;e  parts  j.^-r  million 
arj  abnormally  liigli  in  comparison   with  all  other  resnlts. 


•luA  - 


In  1874-5  samples  were  taken  monthly  at  Cairo  and   submitted  for 
examination  to  Dr.  Lethebv. 

MaTEKIAL   IX    SI  Sl'EXSlON    IX    rAKTS    I'EIC    MU.I.IOX. 


Date 

Organic 

Mineral 

Total 
Kw 

Date 

Organic 

Mineral 

lota! 

Jan.   2:5,187.5.. 

111 

14S 

Julv  1(1.  1.S74 

01 

.S7 

17S 

Fel..   12     .,    .. 

11 

11.") 

i2i; 

All.,'.  12      .. 

1.S4 

i:507 

14'.I2 

Mar.  1.-)     ..    .. 

7 

4f, 

ry.) 

Sept.  20       .. 

;V.i 

4.s;5 

.-)4:5 

Aiiril  l.j     ..     . . 

."> 

C.l 

(')(') 

Oct.    12      ,. 

4(; 

:5;52 

;57.s 

Mav   i;5     ..     .. 

;» 

;{s 

4X 

X(.v.  12      .. 

.■57 

;507 

;544 

Jinic    .S,1,S74.. 

S 

C.l 

t;'.t 

Dec.  12      .. 

I'.t 

270 

2S'.l 

In  1888-9  Mr.  Pollard  examincil  samples  taken  twice  monthly  for 
twelve  months  at  Cairo. 


MaTEKIAI,    is   SfSPEXSION 

IX    I'AUTS    I'EU    MILUOX. 

Date                           Total    1 

lat.' 

r.ital 

Jan.      :..  I.S.SII      . . 

..  I'.t  .. 
Fell.     2     .. 

..  IC.  .. 
Mar.     2     .. 

..  l(i  .. 
A].ril   tj     .. 

..  20  .. 
Mav     4     .. 

..  LS  .. 
June     .S.1.S.S.S      .. 

i;5C. 
12.S 
102 
.S7 
I'll! 
.')0 
.")'.) 
40 

:52 

17 

June  2:5,  l.S,S8  ..      .. 

Julv     7     

.."    21 

An^'.  20     

Scj.t.    1     

22     

Oct.  12   !!    '.'.    .'. 

Nov.    ;5     

,.     17     

Dec.    .S     

22 

2:5 

14 
I'lO 

If.Jl 
2812 

i(;;5c. 

lojt; 

8i;5 

4S;5 

2(;2 

2011 

Droop  Richmond '  determined  the  amount  of  suspended  matter  from 
March  to  Septemb3r  and  in  Au<fust  took  samples  on    six  occasions 
which  show  well  the  rapid  increa.se  of  silt  with  the  rise  of  the  riood. 
Material  in  sispexsion  ix  I'Aias  peu  milliox. 


Hate 


18'.tl 


Mar. 

25 

April  28 

May 

2G 

June 

2H 

Julv 

2.5 

Au<r. 

1 

■• 

11 

Total 


•5.S 

4.5 

14 

6(; 

818 

208 

7.S5 


Date 


l.S'.H 


Au;:.  15 

22 

!!      24 

Sept.  4 
..  15 
..      81 


ToUil 


iSHt; 

i;548 

ii;o4 
l.s.st; 
1477 
151(5 
IC.Ol 


•Chemistry  of  lliver  Waters. 


z 

< 
_l 

Q. 


> 


CO 

z 
O 

I- 
o 

UJ 
CO 


■ 
s. 

0 
CA 

!'■ 

b 

2 

f. 

z 

»-■ 

V- 

t 

C 

?,■ ' 

\ 

,v 

^ 
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1 
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< 
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s 
O 

-A 
O 
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M 
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Dr.  Mackeii/Je  (Iftcriniiicil   the  innrf'i'iiil   ill   ^-l!s]X'll^l()|l   for  2  years 
llti*;— 

Sediment  in  Xilk  Water. 


with  tliL'  following  rf>iilti* 


I'aits  jie 

■.Million 

Month 

Beiii.irks 

l.i'.ir, 

1897 

I'n>ba>>lv  (IripiJ  at  HH)  C. 

.Taiiiiarv 

■2'M  1 

4W) 

Fi-l)iu;ir\      .  . 

2.J0 

27it 

S!l^l)>l<'^^  taken  on  the  l.^tli  of 

March 

■2CH) 

!;•(> 

cacli  nioiitli  from  ccntn'  of  river 

April 

May 

16(t 

14(1 
14(1 

one  metre  lielow  surface  ojtposjto 
(liza  \illa<re.' 

.Tuiif 

17(1 

i;i(i 

.July 

](MI 

lln 

August 

K  M  M 1 

174(1 

Scptt'iiiiicr  .  . 

lOCd 

ir,30 

Octoltcr       . .      . . 

i.ir>(i 

1(»C() 

Xovciiihcr  . . 

DO) 

cm 

D<'t'('iiil)f>r  . . 

(■..•50 

:55(» 

Sir  W.  AVillcocks  remarks-  tliat  these  specimens  of  Nile  water 
were  unfortunately  taken  downstream  of  a  place  wliere  the  Nile  was 
eating  away  a  sandy  island  .so  that  the  results  arc  probably  not  a  true 
gauge  of  the  matters  held  in  suspension  in  ordinary  Xile  water. 
Certainly  the  results  for  October  seem  to  be  abnormally  high. 

Collecting  there  results  we  obtain  for  the  amount  of  suspended 
matter  in  Xile  water  at  Cairo  in  parts  per  million : — 


Month 

(1) 

(2) 

(3) 

w 

(•') 

(0) 

(n 

January 

•224: 

U',7 

i(;.T 

1.52 

■  • 

2'.M» 

4 '.10 

Feliriiarv     .  . 

22C, 

12C. 

i;52 

•);-) 

,  , 

2.50 

270 

Jfarcii  .  .      . . 

14(; 

r>-] 

73 

.7.T 

•58 

2(H» 

IW 

Ai.ril    ..      .. 

,   , 

lu; 

50 

.50 

4.5 

ICO 

140 

May     . .      . . 

114 

4.S 

M 

2.5 

14 

]:5(i 

14(1 

Jnne     . . 

4(; 

C'.t 

14.5 

2.S 

(•>i; 

17(1 

].•!() 

July     . .      . . 

IOC. 

17.S 

1S2 

.57 

.•5i;5 

Kill 

110 

August 

.^.474 

14112 

i2:5rj 

ic.:5i 

1.500 

1  ( II  )0 

1740 

Rpjitemher  .  . 

.".ll^ii 

.■•.4;5 

:>■>■] 

1'.I74 

i:.:52 

ii;i;ii 

ic.;5(i 

( )etoher 

r.L'.-. 

.•!7.S 

.'5110 

io.-.(; 

,  , 

i;5.50 

1000 

Novemlier  .. 

i2;w 

.•544 

;5.i4 

(•.48 

,  , 

1)00 

coo 

I)eceml)er   . . 

281> 

2111 

2.3o 

•  • 

g;50 

.•5.50 

1  Jouriml  Klii'divial  Agricultiinil,  Society  Vol.  I,  pp.  '.111-102. 
-  Egyptian  Irn;ratii)n.  2nil  E  i.  p.  12. 

(1)  MiLstafa  Magdali.  Aug.  ISlil-.July  18.50.  'Mem.  Inst.  Egypt."  tome  I,  p.  173-i;.  Paris  1.S62. 

(2)  Letheby.  .Tune  lS74-May  1S7.).  Min.  Prof.  Civil.  Eng,,  vol.  LX,  p.  .%7. 

(3)  Mathi'v.  .Tan-Oec.  1S87. 

(4)  Pollard,  .luiie  1.S8S  May  ItiX'.). 

(.■>)   Droop  Kiihniond.  Mar.-Si-pt.  l.s'.ll,  Chemistry  of  River  Waters. 

(fi)  .Ma.k.-iizii-.  Jan-Dei-.  IS'.k;,  .lour.  Klied.  .\gric.  Six-.,  Cairo,  I  pp.  !nt-l(i2 

(7)  Mark.-iizi.-.  .Ian-Dec.  ISHT,  loc.  lit. 
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Drooj)  Kichnioiid  made  also  a  few  (Ictcrmiiiatioiis  at  jjlaops  up-stream 
of  Cairo  for  which  tlie  results  are  as  follows  :  — 


ProhiiUi/  dried  at   100  °C. 

Date 

riaco 

Parts  per 
million 

Date 

I'lare 

Parts  per 
million 

l.S'.l] 

Aiiuii-t  k;.. 

Aswan 

1041) 

Sept.    i;5  .. 

Assillt 

H'.tS 

27.. 

Bpiii-Six'f  . . 

14S1 

14   .. 

Minia..      .. 

lo22 

„        22.. 

Wasta 

139;-) 

14   .. 

Belli  Sucf  .  . 

147;j 

„        22.. 

AtlVll..       .. 

1472 

1.")   .. 

( 'airo  .  • 

iruc. 

Hciwaii 

1  t.id 

Aii^-.     I")  .. 

Waili-Halla 

1121 

22.. 

Cairf 

i;m2 

2t;  .. 

Call-..  . .      . . 

1(104 

111  disciissiiig  these  determinations  of  suspended  matter  from  samples 
collccrod  at  Cairo,  the  amounts  for  the  months  Novemher-Julv  are 
prohahlv  fairlv  accurate,  thontjh  ]\Iackenzie's  results  for  November 
seem  liiiih,  perha))s  for  the  reason  given  by  Willcocks.  Those  of 
August,  September  and  October  are  certainly  of  uiuMjual  \alue.  At 
this  season  the  river  is  Howing  with  a  velocity  of  about  2  metres  per 
second  and  eddying  currents  are  carrying  upward  towards  the  surfa^'e 
from  the  lower  portions  of  the  mass  of  water  silt  which  gradually  sinks 
again  in  the  less  disturbed  pai-fs;  a  sam])le  of  watei'  collected  from  one 
of  these  upward  currents  may  easily  contain  a  far  larger  amount  of 
silt  in  suspension  than  the  average  load  of  the  river  at  that  time.  Onlv 
such  data  as  are  deri\ed  from  samples  taken  at  numerous  parts  of  the 
section  on  the  same  date  can  be  reliable  and  these  slxiuld  be  taken  as 
frei|ueiitly   as   ]K)ssible   during  the   tlood  period. 

When  it  is  remembered  that  the  transporting  power  of  a  river  varies 
as  the  s/jfh  power  of  its  velocity,  that  doubling  velocity  increases  the 
transporting  j)o\ver  ()4  times,  it  will  be  realized  that  in  a  large 
river  full  of  (iddies  and  currents  moving  with  varving  velocities 
the  load  of  material  in  suspension  must  vary  largely  both  vertically 
and  horizontally.  Even  when  numerous  samples  from  a  well  distri- 
buted series  of  points  in  a  river-section  have  been  taken,  the  bottom 
load  has  not  yet  been  considered.  This  is  the  coarser  sand  which  is 
partly  carried  in  suspension  by  the  bottom  layers  of  water  and  partly 
rolled  along  the  bottom  in  the  form  of  sand  waves ;  it  forms  a 
considerable  proportion  of  the  total  load  carried  by  a  ri\-er  l)ut  is 
unaccounted  for  in    all  the  above  determinations. 

From  the  foregoing  discussion  then  it  would  appear  that  of  some 
2100  ]  arts  per  millions  of  material  which  is  carried  past  Berber  as  a 
maximum,    some    1,GO0  parts  pass   Cairo  in  years  of  average  flood  ; 
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witliout  lii\iii<i:  stress  on  the>(!  fijiiire.s,  which  are  but  approximations 
and  take  no  account  of  the  bottom-load,  they  show  tliat  a  considerable 
amount  it  is  deposited  in  the  river  bed  between  these  two  points,  in 
consequence  of  loss  of  velocity  as  the  more  gentle  slopes  of  the  lower 
reaches  of  the  river  are  met  with.  In  the  winter  months  however  the 
reverse  takes  place  and  mucli  of  what  has  been  deposited  is  taken  u]) 
;is  the  river  falls  for  the  lUuc  Xile  ceases  to  supply  silt-laden  water  and 
erosion  takes  place  throughout  the  lower  reaches. 

While  it  is  the  finer  silt  which  is  deposited  in  the  irrigation  basins, 
on  the  shelving  banks  of  the  river  and  on  such  parts  of  the  Hood-plain 
as  are  annually  flooded,  it  is  the  bottom  load  which  is  deposited  in  the 
bed  of  the  river  itself,  and  this  consists  of  the  coarser  sand  which  the 
ciu-rent  cannot  carry  so  readily  as  the  finer  material.  If  the  Kile  mud 
is  treated  by  levigation  .so  as  to  remove  the  finest  })articles  of  clay  and 
sand  the  residue  is  a  fine  whitish  t^rev  sand  such  as  is  seen  forming 
sand  banks  in  the  Xile  Avherever  the  conformation  of  the  river  is  such 
that  the  velocity  of  the  flood  current  is  reduced  at  that  point. 

In  this  AsMan-Cairo  reach  of  the  Nile  then  we  have  to  do  with  a 
river  which  is  flowing  with  a  low  slope  through  an  alluvial  plain 
wliich  it  has  formed  and  which,  if  uncontrolled,  it  annually  floods, 
depositing  on  the  flood-plains  part  of  its  load  of  silt  as  the  velocity 
of  Hood  water  is  diminished.  This  is  the  first  time  in  the  study  of 
the  Nile  basin  that  this  particular  form  of  ri\er  development  has  been 
exhibited.  In  the  Bahr  el  Jebel  near  Mongalla  depositicm  of  suspended 
material  takes  place  but  owing  to  the  frequent  bifurcation  (anastomosis) 
of  the  stream  the  velocitv  is  soon  reduced  and  the  silt  is  deposited  in 
the  side  channels,  backwaters,  and  lagoons,  so  that  in  the  lower  reaches 
no  increase  of  the  Hood-plain  is  taking  place.  The  Blue  Nile  and  Atbara 
are  still,  or  ha\-c  but  recently  ceased,  cutting  their  channels,  and  are  not 
forming  alluvial  plains,  while  the  Binder  and  Rahad.  which  arc  depositing 
(see  p.  225)  have  not  carried  the  })rocess  far;  between  Khartoum  and 
Aswan  the  fall  is  sufficient  to  maintain  sufficient  velocity  and,  as  has 
been  shown  abo\e,  the  river  in  this  reach  is  probably  eroding  its  bed. 

North  of  Aswan  the  Nile  exhibits  all  the  characteristics  of  a  river 
in  its  plain  tract  although  it  has  been  of  late  years  to  a  considerable 
extent  trained  and  controlled  to  meet  the  re<[uirements  of  irrigation. 

Its  valley  is  due  in  all  probability  to  crustal  fracture  and  mo\ement, 
and  was  not  eroded  liv  the  river  itself,  but  in  ir  has  been  laid  down 
during  a  long  period  the  bed  of  alluvial  deposit  which  has  now  a 
thickness  of  from  10  to  IS  metres,  and  overlies  a  deposit  of  coarse 
yellow  sands  and  gravels  which  are  probably  of  marine  and  Huvioma- 
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riiie  ori<;in.  )  As  n  river  Hews  down  tlio  jrcTitle  i^lopc  of  its  flood-jjlnin 

uiirostniined  by  rock}'  walls  or  hanks  of  liard   inatrriiil,  its  ])atli  is  a 

series  of  curves :)(any  obstacle  will  deflect  the  ciirreut  caiisiiifi-  tlie  river 

Y    to  swing  from   side  to  side,  and  erosion  will  take  ]>lace  on  the   outer 

^      side  of  the  curves  Avhile  ou  the  inside  material  will  henewlv  <1e|)osited. 

I*   I        In  this  way  curves  heconie  accentuated  and  form  what  are  known  as 

meanders  which  both  work  down-stream  and  also  across  the  flood-jilain 

of  the   valley.     The  sharj)  curves  modify  their  shape  rapidly  hut  the 

^   general  swing  of  a  length  of  the  river  from  one  side  of  the  flood-plain 

to  the  other  may  extend  over  long  ])eriods   of  time,     In  this   swing 

from  side  to  side  of  the  valley  tlu^  whole  material  is  gradually   sorted 

and  approximately  levelled. 

These  meander  curves  often  become  so  sharj)  that  the  opposite  ends 
of  a  curve  approach  closely  till  only  a  narrow  neck  divides  them  ;  if 
this  neck  is  inundatt'd  in  Hood  tlu^  slope  is  often  sutficient  for  a  small 
channel  to  be  cut  across  the  neck,  and  this  rapidly  deepens  until  it 
becomes  the  main  channel;  when  this  has  taken  place  both  ends  of  the 
former  chamiel  rapidly  l)ecome  shallow  as  silt  is  deposited  in  the  slack 
water,  and  thus  the  former  river  bed  becomes  a  semicircular  lake 
known  in  the  Mississippi  valley  as  an  "oxbow  curve." 

In  Egypt  where  all  the  alluvial  plain  is  under  cultivation,  good 
examples  of  sucli  cut-off  l)ends  ai-(;  seldom  seen,  but  they  are  fretpient 
HI  the  Hahr  el  Jebel,  and  along  the  lower  course  of  the  Rahad  and 
Dinder  (Plate  XXVI)   they  also  occur. 

Where  a  silt-laden  river  inundates  its  flood-])lain  the  greatest 
amount  of  de])osition  takes  place  along  the  banks  where  the  velocity  is 
first  checked,  so  that  these  are  raised,  and  beyond  them  the  counti-y 
slopes  away  from  the  ri\er  ;  this  is  well  shown  in  Upper  Egyi)t  wen; 
there  is  a  difference  of  up  to  8  metres  in  height  between  the  land  by  the 
river  and  thatalong  the  edge  of  the  desert.  (Plate  XL).'  Branches  Avhicli 
leave  the  main  stream  flowalong  this  lower  country  which  in  the  natural 
state  of  the  valley  contains  swamps  and  lagoons  which  are  filled  wiih 
water  in  the  flood  season  and  being  imperfectly  drained  remain  as 
waste  tracts  covered  with  swam|)-l()\  ing  plants.  At  an  earlier  ])eriod 
of  the  Nile  valley's  history  there  must  have  been  a  belt  of  such  land 
along  the  edge  of  the  western  desert  which  bounds  it,  and  here  and 
there  traces  of  it  still  exist;  the])resent  Sohagia  canal  probably  occupies 
the  line  of  one  of  the  branches  of  an  earlier  time,  and  the  Bahr  Yusef 
is  certainly  one,  as  it  has  all  the  characteristics  of  a  stream  meandering 
in  its  flood-plain. 

'   Sfiil-^ri  Egyiitiiiii   Irrisrati'iii.   i'l:iti-   l.\. 
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Tlin)u<>-hnut  almost  the  whole  of  its  course  the  Nile  in  E^fypt  flows 
OR  the  eastern  side  of  its  valley  and  while  the  earth's  rotation  has 
played  its  part  in  deflectin<^  the  stream  to  the  rif^ht,  the  action  of 
the  wind  has  probably  been  still  greater.  At  low  stage  the  river  lies 
well  Avithin  its  bed  and  but  little  erosion  of  the  banks  takes  place,  i)ut 
at  flood  this  proceeds  rai)idly  and  at  this  season,  July,  August,  Sep- 
tember, the  wind  has  a  marked  westerly  component  which  drives  the 
water  on  to  the  right  or  eastern  bank. 

The  Nile  like  every  other  river  that  has  formed  alluvial  flood-plains 
W'orks  from  side  to  side  of  its  valley  as  above  described  and  has  left 
clear  traces  of  its  action  on  either  side,  but  it  is  not  necessary  to 
conclude  from  this  that  in  early  times  the  river  filled  the  whole  valley.* 
The  deposits  of  Nile  mud  containing  shells  of  species  now  living  in  the 
Nile  lie  above  the  present  Nile  level,  30  metres  near  Wadi  Haifa,  and  at 
Derr,  at  lower  levels  at  Silsila  and  other  points  of  the  valley,  and  about 
()  or  iS  metres  near  Cairo ;  these  are  the  remains  doubtless  of  an  earlier 
alluvial  flood  i)lain  through  which  the  river  has  cut  down  to  a  ])oint 
bjlow  its  present  level  since  for  at  least  .lOOO  years  it  has  been  raising 
its  flood  plain   by  its  ainuial  deposit  of  silt. 

The  resultant  effect  of  this  deposition  during  flood  and  erosion  during 
the  fallin"-  stao-e  of  the  river  has  been  to  raise  the  river-bed  between 
Aswan  and  Cairo  at  the  average  rate  of  about  10  centimetres  per  century 
during  the  last  2000  or  3000  years,  and  certainly  for  a  nuich  longer  period. 

Evidence  for  this  depends  mainly  on  the  levels  of  ancient  floods 
which  are  recorded  at  Aswan  and  at  the  temple  of  Karnak. 

The  nilometer  at  Elejthantine  is  on  the  east  side  of  the  island  and 
opposite  to  the  town  of  Aswan  at  the  foot  of  the  cataract.  To-day  it 
consists  of  a  single  stiiirway  of  .52  steps,  parallel  to  the  quay-wall,  after 
which  it  turns  to  the  esist  and  opens  on  to  the  river  through  a  dtxirwa}' 
in  the  wall.  At  the  time  of  the  visit  of  the  French  expedition  in 
17!>!)  not  only  did  this  portion  exist  but  also  an  upper  stairway  about 
2()  metres  Ions:  leadino-  westwards  into  a  small  room  through  which  the 
Nilometer  was  reached.  All  this  upper  portion  has  now  disappeared 
except  the  bottom  seven  steps  which  are  partially  covered  b}'  the  wall  of 
a  modern  water-wheel.  Of  the  scales  for  recording  the  heiy^hts  of  the 
Nile,  two  are  on  the  east  wall,  viz.,  the  arable  scale  of  1<S6!I  ilivided  into 
pics  and  qirats,  and  the  marble  scale  now  in  use  which  is  divided  metri- 
callv  and  numbered  to  show  the  heightabove  mean  sea  level;  on  the  west 


'   Miisperii.  "Duwii   of  rivilizntinn.  "    Loiiilon    \S\\i\.   p.  li.      I'ftrif.    --TiMi  yp:irs  ilif;iriii^'  ill  Kgypt," 
Loii.Idii  IS'Jl',  p.   7.-.. 
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wall  arc  tho  remains  of  another  Arahie  scale,  and  of  one  nuniltered  with 
Greek  numerals  which  is  that  which  was  used  in  late  Egyptian  times. 

This  scale  is  cur  into  the  wall  in  lengths  of  one,  two,  or  three  cubits, 
each  cubit  being  further  subdivided  into  14  half  palms.  The  cubits 
themselves  are  munbered  with  Greek  numerals  placed  beside  the  scale,  but 
in  the  case  of  the  lowest  cubit  which  it  was  possible  to  measure  on  April 
15  189G  the  demotic  numerals  foi-  17  as  well  as  the  Greek  were  visible. 

The  highest  portion  of  the  scale  is  a  single  cubit,  the  twenty  seventh, 
but  no  numeral  is  now  legible  ;  tlie  next  is  a  single  cubit  with  the  nume- 
ral '2G  in  greek  letters  plainly  cut ;  below  this  is  a  single  cubit  marked 
25,  which  is  followed  by  a  length  of  two  cubits  immbered  respectively 
24  an<l  2'^.  I'S  metres  further  noith  is  a  length  of  two  cubits,  22 
and  21  while  2'!)!)  metres  from  the  north  end  of  the  north  and  south 
portion  is  a  length  of  three  cubits  with  the  imml)ers  20  and  lil  ;  beyonil 
this  is  a  short  len"'th  of  a  scale  which  do;\s  not  belonji"  to  the  one  now 
being  described  and  perhaps  belongs  to  an  earlier  one.  2"35  metres 
beyond  the  landing  and  near  the  outer  face  of  the  quay  wall  is  a  length 
of  one  cubit  beside  which  the  demotic  numeral  for  17  can  be  read. 

The  lengths  of  the  cubits  are  given  in  the  following  Uible  an<l  the 
height  of  the  top  and  bottom  of  each  above  sea  level  shows  the  very 
moderate  accuracy  with  which  those  who  cut  them  were  satisfied. 


N... 


1. 

II. 

111. 
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VII. 


Cllliit. 

XXVII 

XXVI 

XXV 

XXIV 

XXIII 

XXII 

XXI 

XX 

XIX 

XVIII 

XVII 
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•541 

•545 

•520 
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•530 

•530 

•511 

•511 
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•520 
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metivs. 

;)2.3i(> 

01 .  TO'.t 
•.)1.72'.» 
01.184 
'.U.114 

;mi.(;24 
iH».(;24 
;t(».i()(; 
oo.iot; 

80.587 
80.582 
80.052 
80.052 
SS.52-2 
88.522 
88  on 
88.011 
,S7..i(H) 
87.5(H) 

8(;.oo(i 

80.025 
8(5.405 


error  in   li'vc!  4  cm. 
crnu'    in  level    1  em. 


error  in  level  5  min. 


err.ir  in  ie\rl  i'r.'j  em. 
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Tlidiioii  the  so  lies  are  s(iiiie\vh:ir,  roiiji-lilv  our  rlicro  is  iio  "TCiit  diftionltv 
ill  measuriii"- them  witli  some  aocuracv  ami  the  above  table  shows  that 
there  are  as  usual  r'onsiilerable  differences  in  length  between  the 
different  cubits. 

The  leiitrths  of  cubits  IS  to  '1\  differ  considerably  from  the  length  of 
the  sain"  cubits  as  measured  in  17i>!»'  nor  docs  the  mean  value  of 
0-')2"  metre  which  is  there  shown  as  exactly  given  by  each  i>ortion 
of  the  scale  measured,  agree  with  th:it  obtained  l)y  the  foregoing 
measurements,  viz.,  0-o23,  nor  with  that  obtained  by  Sir  Gardner 
Wilkinson- viz  :  0-5239  metre.  He  does  not  state  how  many  cubits 
were  measured  to  get  this  mean.  I)ut  says  that  the  measurements  wore 
taken  carefully  by  liimsolf. 

Every  precaution  was  taken  in  making  the  measurements  given  in 
the  table  above  ;  each  cu!>it  was  separately  measured  and  the  horizontal 
line  from  tlie  l)ottom  of  one  part  of  tlie  scale  to  the  top  of  the  next  along 
the  stairway  was  determined  by  means  of  a  long  straight  edge  and  a 
s])irit  level.  On  the  wall  of  the  stairway  arc  the  remains  of  Greek 
in.scriptions  dating  from  the  reigns  of  several  of  the  Koman  Emperors 
and  giving  the  year  of  his  reign  and  the  height  of  the  Nile  flood. 

From  these''  it  is  clear  that  about  IOOa.d.  the  Nile  often  rose  to  24 
and  sometimes  aboNc  2")  cubits  on  the  Nilometer  scale  :  so  that  the 
high  Hoods  of  that  time  reached  the  level  of  91  metres  above  .sea-level. 
To  day  they  reach  94  metres  as  in  1X74  or  3  metres  above  the  level  of 
about  1900  years  ago,  corresponding  to  a  rise  of  the  bed  of  O'Ki  metre 
per  century  at  this  point.  If  the  mean  flood  level  of  the  last  36  years  is 
taken  the  height  becomes  93  metres  and  the  rise  Oil  metre  per  century. 

At  Karnak  in  lS9o  M.  Legrain  found  a  series  of  40  high  Nile  levels 
marked  on  the  quav  wall  of  the  great  temple.  They  date  from  about  SOO 
B.C.  and  the  mean  altitude  a-iven  by  them  for  a  hidi  Nile  is  74"2.5  metres 
above  sea  level,  while  that  of  to-day  is  74'93,  showing  a  rise  of  the 
river-bed  of  2-r)S  metres  in  2800  years  or  at  the  rate  of  0-096  metres 
per  century.*  It  is  this  rise  of  the  river  bod,  and  conseiuently  of  the 
subsoil  water-level  which  is  continually  chaii<>;in"'  the  conditions  of  foiuid- 
ations  of  buildings  which  were  built  in  these  ancient  times.  Built  high 
above  infiltration  level,  the  secular  rise  of  the  riverdjod  at  last  raises 
the  water-level   until   these    stone  constructions   originally  intended 

'    '•Exp-ditiiin  fr;in(;aise"  2"'  Ed..  Paris,  1825,  t.  G,  p.  1:1 

'  Miiiini-rs  and  f'ustoms  of  the  .Ancient  Egyptians,  vol.  II.  p.  SS2. 

3  Borchardt,  "  Nilinesser  iind  Nilstandmarken.  .\bhandlun);<^n  dcr  kgl.  I'lviiss.  Akad.  d.  Wis" 
s.'nsfli.  zu   Berlin,"  1905. 

*  Ventre  Pacha.  "  Crues  moderne.?  et  erues  aneiennes  du  Nil."  Aegypt.  Zeitsch..  IS'JO.  p. 95. 
These  levels  need  slipht  correction  wliich  will  slij,'litly  incre:isp  the  rate  of  rise. 
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to  stainl  (Irv  aro  now  wotted  aiiiiiiiilly  and  at  last  niav  pass  Ir'Iow  the 
permanent  water  level  of  the  soil.  In  this  way  the  loinidation  conrses 
of  the  columns  of  Karnak  Temple  ha\e  uradiialh-  deteriorated  by  the 
combined  action  of  subsoil  water  and  tlie  acids  derived  from  the 
decomj)ositioii  of  organic  matter  from  the  Coptic  village  which  in  past 
centuries  filled  the  temple,  until  in  Se])tembcr  1!)00  the  foundation 
blocks  of  one  column  were  crushed  by  the  superincumbent  weight  and 
in  its  fall  it  overthrew  others. 

The  nilometresof  Ancient  Egypt  are  of  great  interest  to  the  student  of 
the  Nile  as  they  furnish  a  reconl  which  extends  back  for  about  .")00()  years. 

Remains  of  Nilometers,  or  records  of  the  heights  reached  by  the  Nile 
in  flood  in  ancient  Egyptian  times  still  exist  at  the  following  places: — 

Phicp  Kcnmr-ks 

Skmna KliHxl  levels  of  .Middle  Emi)ire. 

Kl'BdSH 2  copies  of  a  euliit  iiuiuliered  21  cut  on  an  old  c|iiay  wall. 

T.\1KA Two  ciiljits  cut  (111  an  old  quay  wall. 

l'Hn..M-; .'{  nilometer  seah^s  ot'alioiit  ]  7  cnd)its  in  the  niloiiietcr  stairway. 

Part  of  a  rudely  cut  scale  in  the  west  stairway. 
An   inscription  recordin^r  the  hciiiht  of  an   unusually  liiiili 

Nile  on  the  jrateway  N.E.  end  o?  the  island. 
El.KPHANTlNK..      Nilonieter  of  :iS  cuhits.     Fraj^nient    of    an   old    nilometer 
at  Aswan. 

Inscri])tions  of   Honiau  time  recordinj^'  iiijih  Niles. 
KoM  Ojinn,...     A  nilometer,  hut  it  is  not  now  accessihle. 

Sn^siLA Flood  mark 

Edfu Nilometer,  of   whiidi  (1  cuhits  can  he  seen,  the   hiiihosf  hein;^- 

nunihered  20 
EsXA Nilometer,  of  which  Il>  (•ui>its  can  he  s<'eu.  the  In'uhcst  hcing 

numliered  21. 

Karnak Numerous  Flood  level  marks  of  late  New  Emi)ire. 

LiiXOR Nilometer  of  which  7  .\  cuhits  can  be  seen. 

Tehne Inscrijitions. 

KoM  EL  (iIZA..      Nilometer. 

and   they   have  been  discussed  by   iJr.  L.  IJorchardt  in  his  paper  on 

"Nilmesser  und  Nilstandmarken,"  of  which  he  has  kindly  given  the 

following  sunimarN'. 

"  The  height  above  sea-level  of  corres])onding"  points  of  the  ancient 

nilometers  in  Egjqjt  and  Nubia  have  been  determined  Avith  the  aid  of 

the  bench-marks  of  the  Irrigaticju  Dej)artm('nt  and  the  zero  points  of 

the  nilometer  scales  were  found  to  li(^  J^iu  a  line  inclined  to  the  north. 

In  Nubia  the  line  is  sensibly  parallel  to  the  water-slope,   but  north  of 

Aswan  it  is  considerably  less  inclined  than  the  flood-slope  ;  consequently 

a  flood  was  indicated  bv  a  higher  i-eadin"-  on  the  nilometer  at  Aswan 

than  on  that  of  Roda  at  Cairo.     This  explains  the  statement  found  in 

the   egyptian   inscriptions  and    the    works  of   the  greek  and  roman 

authors,  that  the  Nile  in  very  good  years  rose  2X  cubits  at  Elephantine, 

21  cubits  at  Koptos,  14  at  Roda  and  7  in  the  Delta.     From  the  slope  of 
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tile  line  (Ictcniiiiii'il  hy  tile  /.rvo  ])()iiits  ot"  the  iiiloiiictcrs,  the  altitude  of 
tile-  zero  of  the  ancient  nilonieter  at  or  near  lioda  may  he  approxiuiateiv 
obtained,  and  after  calculatin<^  the  secular  rise  of  the  bed  it  can  be  deduced 
that  the  flood  levels  about  3000  B.C.  which  are  recorded  on  the  Palermo 
stone  and  the  data  concerning  Nile  floods  given  by  the  greek  and  roman 
authors  a'iree  well  with  those  of  to-dav. " 

It  is  much  more  difticult  to  obtain  any  satisfactory  estimate  of  the 
rate  of  increase  of  the  flood-plain.  The  rate  of  deposit  varies  so  greatly 
at  different  points  and  in  so  few  is  there  any  satisfactory  means  of 
determining  the  period  during  which  any  given  thickness  has  been  laid 
down  that  tlie  results  which  have  been  obtjiined  are  at  the  best  but 
verv  rough  approximations.  Horner'  in  his  researches  at  Memphis 
found  the  base  of  the  colossal  statue  of  Ramses  II  to  be  2*90  metres 
below  the  pi'esent  ground  level  correspon<ling  to  a  rise  of  about !)  centi- 
metres per  century.  At  Heliopolis  10  kilometres  north  of  Cairo  the  base 
of  the  obelisk  dating  from  ISoO  B.  c.  is  TGS  metres  below  the  present 
level;  Ventre  Pasha"^  estimates  the  rise  at  about  20  centimetres  per  century, 
or  by  another  estimate  based  on  the  rise  at  Roda  island  at  Cairo  14"  8 
centimetres;''  at  Naukratis  Petrie  found  evidence  of  a  rise  of  12  centi- 
metres per  century.  Ijorchardt  found  at  Abu  Gurab  and  at  Abusira 
rise  of  1  o'5  centimetres  per  century.  These  results  seem  to  show  that  the 
1:111(1  has  risen  slightly  faster  than  the  river  bed  but  evidence  is  insuffi- 
cient to  establish  the  matter;  at  all  events  it  may  be  confidently  stated 
that  in  the  future  with  the  greater  [)art  of  Egypt  under  perennial  irriga- 
tion, and  receiving  not  annual  inundation  but  water  su])plied  throughout 
the  year,  the  river  bed  will  rise  more  rapidly  than  the  flood  ])lains. 

Hydrography.  —  In  tliis  reach  of  the  river  its  waters  are  recpiired 
for  the  irrigation  of  the  fertile  Hood  plains,  and  so  large  an  amouiU  is 
taken  ott'  for  this  pr.rpose  by  nunn-rous  canals,  that  we  no  longer  have 
to  do  with  a  river  under  its  normal  conditions,  while  the  Delta  Barrage 
and  the  more  recently  con.structed  As.siut  Barrage  raise  the  water-level 
ui)-stream  of  them  in  low  stage,  and  conse([uently  also  the  level  of  the 
water-table  in  the  soil  of  the  valley.  Few  observations  have  been  made 
on  this  latter  point  although  it  is  a  matter  of  considerable  importjince. 

Tile  Roda  gauge,  fi'om  its  long  series  of  observations,  would  be  of 
inestiniiible  value  if  its  records  were  trustworthy,  but,  unfortunately,  this 


'  I'liil.  Trans.  Kipy.  Sof.  ISo.'i. 

MSiill.  Inst.  Ksypt..  Ciiird  \S'M. 

•■i  ••  Zcitcch.  fiir  .\(>'y|it  Sipnulii'."   I,i-ii>zi^'.   IX'.k;.  p.   lo.", 
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li:is  not  iilways  been  tlio  (.'asi'. '  For  many  yuar.s  past,  at  least  for  two 
centuries,  the  sheikli  of  tlieniloinetor  has  l)eeii  in  the  habit  of  reoonlinjij  the 
heijrht  of  the  Nile  by  marks  on  tin-  wall,  ami  by  the  steps  of  the  well  in 
which  the  nilometer  colnmn  is  erected,  instead  of  Ijy  tlie  scaU-  of  cnbits 
wliich  is  cut  on  the  cohnnn.  The  cubits  wliich  ai"e  used  bv  him  are  on 
the  average  0"54  metre  in  h^ngth  from  the  first  to  the  six-teenth  cubit 
iiickisive,  0'27  metre  from  the  seventeenth  to  the  twentv-second  cubit 
inclusive,  and  0'54  metre  for  the   twenty-third  and  all  higher  cubits. 

The  \alues  gi\-en  by  Chelu'  and  by  Willcocks''  for  the  lengths  of  the 
cubits  differ  slightly.  Cubits  14,  15,  and  Ki  have  been  given  bv  the 
latter  as  0'4N  metre  to  0'4i)  metre  only.  However,  the  method  of 
observation  was  certainly  not  one  of  great  accuracy,  and  no  considerable 
error  will  be  introduced  into  the  discussion  of  the  yearly  maxima  if 
the  values  "iven  bv   Witlcocks  are  taken  as  bein"'  correct. 

Unfortunately,  no  original  documents  earlier  than  l.S7;H  a.d.  now 
exist  in  the  Ministry  of  Public  Works,  Cairo,  by  which  these  readings 
I'lay  be  verified.  The  series  ])ublished  by  Ali  Pasha  Mubarik,'  which 
is  supposed  to  have  been  taken  from  original  dociunents,  is  given  for 
^lohammedan  years,  and  when  the  Ijeginning  of  a  year,  the  1st  Mohai-- 
rem,  falls  near  the  date  when  the  Nile  is  highest,  there  is  some  doubt  to 
which  year  the  recorded  maxinumi  belongs,  as  no  day  of  the  luontli  is 
mentioned.  From  1S4()  to  1S7N,  however,  there  was  a  sei'ies  of  readings 
at  the  Deltii  Barrage,  '2i)  kilometres  down-stream  of  the  Koda  gauge, 
which  serves  as  a  control.  It  will  then  be  best  to  take  the  maximum 
ivadinffs  as  ffiven  bv  Tissot."  where  the  date  of  the  maxiuium  i-eadiui; 
recorded  is  given  for  each  year.''  ihere  is  another  series  from  17;^7 
.\.n.  to  IcSOO,  which  appears  to  have  been  recorded  under  similar  condi- 
tions, the  range  being  much  the  same;  and  Avhen  the  readings  are 
converted  to  metres  in  the  same  way  as  those  from  1<S25  to  LS7:?,  the 
mean  maxinuim  is  7'0l'  metres  for  the  former  as  compared  with  7' I  7 
ujetres  for  the  latter. 


'  See  also  "lJ.*iiii)tioii  (Ic  I'Kjfyptc."  Mil.  IS.  Paris  l>*2."i :  Mai  oag,  •■Doiint'e?  utiles  stir  la  cnic  ilii 
Nil,"  Alexamlrie  1882:    Ardagli,  J'roc.  lt.(i.S..  1889,  p.  28;    Manoiig,   I'vor.  K.(J.S.,  1889,  p.  24.i. 

'  "Le  Nil,  le  .Soiidaii  et  TEgypte,"  pp.  84  au<l  87,  Paris  1S9I  :  liiit  tlif  values  on  tliose  two 
pages  di)  not  agree. 

'  Kgyptian  Irrigation,  .\pp.  \',  p.  472.     Loudon,  1899. 

«  "KI  Khitat  el  Taufikia  el  Uedida  li  Mifr  el  Kahira,"  ihap,  XVI II.     ('aim  l.fiH;  .\,H. 

'>  "Statistiipie  de  rEgypte."    Cairo.  1883. 

'■  It  should  be  lueutioiieil  that  the  original  oliservations  were  made  according  to  the  Coptie 
(.lulian)  calendar,  and  .\li  Pasha  Mnliarik  has  converted  them  into  the  corroHpoudiiig  Moliani- 
mudan  years.  Here,  liowever,  au  error  ha.s  crept  in.  No  Nile  maximum  occurred  in  the  year  1270 
of  the  Hegira.  one  falling  at  the  end  of  12fi;»  A.H.,  and  the  ne.xt.it  the  begiuidngof  1271  A.H..  though 
lis  has  r^cjrd^d  thit  for  1271  A.M..  as  if  it  belonged  to  the  year  1270  A.M.  and  so  on.  Thus  all  the 
Nile  floods  from  IH.-il  to  18112  are  given  a  year  too  early  ;  but  by  rcLOrding  the  Hood  of  ll-tj2  to 
both  1278  A.M.  and  127!l  A. II..  th'>  vears  after  this  have  been  uiade  correct. 
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HEIGHT  OF  THE  WATER-TABLE  AT  NAG   HAMADI   IN   1905 
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The  Delta  Barrage'  records  are  less  ainbii'iious.  Thev  extend  from 
184()  to  1872,  and  were  kept  daily  for  the  whole  year,  and  not  for  the 
flood  only.  No  originals  of  these  apparently  exist  in  Egypt  now  but 
the  maxima  are  given  in  "Statisticpie  Generale  de  TEgypte,"'  and 
copies  of  all  tlie  observations  were  sent  by  Stone  Pasha  in  liS8(J  to 
Colonel  Doiaielly.  by  whom  they  were  given  to  the  Science  and  Art 
Department,  London,'  but  these  cainiot  now  be  traced. 

'I'he  daily  readings  of  this  gauge  for  1846-7-8-9  are  given  by  Jomard 
and  Malte-Brun,'  an<l  o-day  means  for  1846-18G1  have  been  jiublished 
1)\-  d'Arnaud." 


Maximum 

nEADI.VG 

Difference 

Vear 

Koda  gauge  0 

Barrage  gauge 

metric 

metres 

luctrts 

i84(; 

7 '55 

7-24 

-0-31 

1847 

7-in 

6-48 

-(••62 

1848 

7 -70 

7-53 

-(I-17 

18411 

7  •  68 

7-3:) 

-0-33 

1850 

6-46 

6-13 

-0-33 

1851 

7-77 

7-38 

-(f3;t 

1852 

6-35 

6-01 

-0-34 

1853 

7-77 

7"7(> 

-0-01 

1854 

7-55 

7'. 50 

—()•{)') 

1855 

6-20 

5-;i4 

— 0*26 

185G 

7*75 

7-46 

-0-2'J 

1857 

6-48 

6- 01) 

-()-39 

1858 

6-40 

6-07 

-0-33 

1859 

6-32 

rr'.M) 

-0-42 

1860 

7-67 

7-27 

-0-40 

1861 

7 -DO 

7-73 

-0-17 

1862 

7-04 

6  •(;.") 

-n^3t) 

1863 

8-11 

7-73 

-0^38 

1864 

5 -US 

5-80 

-0-15 

1865 

.     7-02 

6 -.52 

— 0-50 

1866 

8-31 

7  •76 

-0-.55 

1867 

6-46 

6 -.38 

-0-08 

I8(;,s 

5-87 

5-83 

-0-(l4 

ISO'.t 

8-40 

7  •8.5 

-0-55 

187U 

7-H2 

7-50 

—0-42 

1871 

7-38 

7-48 

+  0-10 

1872 

7-65 

7-32 

-0-33 

Koda-B 

uTa<r('=(i'30 

•  A  |iuiiit  25  kiluiiR-tres  below  the  Roda  Sile  gauge,  wliere  the  Riwetta  anil  L'aiuiette  branches 
diverge,  the  real  apex  of  the  Delta. 

'  Cairo.   lS7!t.     Also  see  Fritz.  " Meteorologisehe  Zeitsehrift,"  IWO.  p.  *«. 
3  ••  Nature."  vol.  2.5,  p.  2i\'.>.  .laniiary  III.  1SS2. 

•  Bull,  Soc,  G6og.   I'aris,  April,  IKlil. 

i  "Menioires  de  I'liist.  Egypt.,"  t.  I.  p.  115.  I'aris,  ls<i;i.  .-Vlso  "Zeitsih.  f.  Allg.  Krdkunde"  Bd.  U. 

•  These  are  the  levels  given  by  Tissot ;  Willcoeks  levels  are  about  0'24  metre  higher,  and  are 
referred  to  a  zero  12o  metres  above  sea-level.  The  Barrage  levels  given  are  above  a  zero  whiih  is 
said  to  be  1205  metres  above  sea-level.  Recent  levelling  makes  the  diti'erence  between  mininmm 
summer  supply  level  at  these  points  OHO  metre,  while  the  tloud  levels  differ  by  about  2  metres. 
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111  iibouL  sevL'ii  or  eight  yeans  tlu;  ditt'ercnces  are  irregular,  due 
])erlia]  s,  in  some  cases  to  breaching  of  banks,  perhaps  to  incorrect 
records,  but  in  three  cases  the  years  are  those  of"  exceptionally  high 
Hoods,  and  thus  the  twenty  or  thirty  centimetres  will  not  affect  the 
argument.  Generally,  then,  it  may  be;  said  that  as  far  back  as  1.S4G 
the  data  are  sufficiently  reliable.  If,  tlien,  the  li(xla  gauge  records  are 
so  far  reliable,  it  would  seem  that  tlie  others  from  1825  to  1845  might 
also  be  accepted,  though  at  this  time  there  is  no  other  gauge  to  confirm 
them.  It  happens,  however,  that  from  1825  to  18H!)  the  floods  of 
182!)  and  I80-I  alone  exceed  the  mean  of  the  maxinnun  readings 
1825-1872,  and  therefore  confirmatory  evidence  that  twelve  of  these 
years  were  abnormally  low  is  very  desirable.  That  in  182!)  the  flood 
was  an  exceptionally  high  one  is  mentioned  by  liarker'  in  a  letter 
dated  September  1,  1821).  Curzou"  mentions  that  in  18o3  the  Hood 
was  feeble  and  late,  so  that  on  August  28  i)  feet  moiv  were  needed 
to  ensure  an  average  crop.  'i"hc  years  188(!  and  1837  were  very  low, 
especially  the  latter,  and  tiiis  is  recorded  by  Holroyd,"'  who  says 
"the  rise  of  the  Nile  this  year  (1837)  is  less  than  it  has  been  for 
five  or  six  years  past;"  and  also  by  liowring.'  Russegger  also  men- 
tions that  the  Jilue  Nile  had  already  fallen  at  Khartoum  2  feet  on 
August  20,  1837,  though  it  rose  again  on  August  30." 

Lefebvre  says  that  of  the  five  years  183!)- 1843,  during  wliich  he 
Avas  in  Abyssinia,  two  had  excessive  rainfall,  while  three  were  deficient.'' 
Those  would  correspond  with  the  liigh  Hoods  of  1840,  1841  and  1842, 
and  the  low  ones  of  183!)  and  1843,  so  tlie  numbers  of  dry  and  wet 
seasons  seem  to  be  misplaced. 

Thus  we  may  accept  the  lioda  maxinuun  gauge-readings  as  suffi- 
ciently accurate  for  investigating  the  question  of  the  yearly  vai-iation 
of  the  Nile  Hood. 

The  maximum  readings  of  the  Roda  gauge  173(i-1800,  and  from 
1825  to  1872,  tos^ether  with  the  differences  from  the  mean  maximum 
and  also  the  five-year  means  arc  given  bi'low,  as  wi'll  as  the  same  data 
for  the  gauge  at  the  Deltix  Barrage. 


'  Syria  1111(1  Egypt  iiniler  the  I/ist  Five  Sultiiiis  of  Turkey,  vol.  ii,   |i.  I  In.     Ijiiiidnn.  187fi. 

'  Visits  to  tlie  Monimterie.s  in  the  Levant,  p.  27.     London,  1850. 

3  E^ypt  and  Mohanicd  Ali  Pasha  in  I8.S7,  p.  28.     London.  1838. 

*  A  Report  on   Egypt  and  Candia.  p.   14.     London,  1840. 

^  'Reisen  in  Eiiropa.  A.<ien  nnd  Afiika."  vol.  i,  p.  413.     Stuttgart.  1814. 

<>  ''Voyage  en   Aliy.-sinie,"  vol.  3,  p.  in.     Parii;,  ISIO. 
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Maximum  UKADiN<is  of  J{oi>A  (Jaiuk,  182.>l'S7:i.' 


1   llfinlin^rs  :in'  l:iki'ii   rrmii   •■St;ais(ic|iic  <U'  rKyyptc,"  l^**:!.  t^fo    also    Kntz,    Met.  Zuit..  vol.  S 
p.  :!(i:i.     Zi'iM  is  12r>(i  mutres  aliove  sea-lrvel. 
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Maximum  ui^vDixti^;  of  Kuua  Gauge.  1737-1.sO(i. 
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22  12 
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23    0 
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+  ((•24 

7^43 

+  0-41 

1745 

24    0 

7 -83 

+  0-81 
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1740 

23  19 

7-71 
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1747 
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1  7  IS 
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-0-43 

7^31 
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0-71 
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21     0 

0-52 

— 0-50 
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7-41 
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0-87 

-0-15 

0-72 
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6-18 
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o*;{o 

— 0*72 
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0-57 

-0-45 

1787 

22  17 
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-0^25 
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22  12 

7  •  00 

— ()^02 

(•.•87 

-0-15 

1789 

22    2 

0-78 

-0-24 

6-80 

-0^22 

'  Zero  is  12'.")ii  metres  above  sea-level. 


—  3f>:^  — 


HoDA    (iALGK,    17.'i7-l.S(IU    (ninliiiilnl). 
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19   1) 
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-0-74 

1 7«.« 

2(t    (1 
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— ((•84 
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19   12 
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-(••98 
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-(I-4I 

1795 
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i;-42 

-O-OO 

(•.•2(; 

— ii-7(; 

1 79r. 

2(1  12 

(;-.!2 

—(••70 

(■.•48 

-0-54 

1 797 

2(»  k; 

(■.•;5C 

— (I'OC. 

(;•/)(•. 

-()^4{; 

179S 

22  2:5 

7-24 

+  i)-22 

(•.•7;; 

-()^29 

1799 

20  2:*. 

(•.•41 

— (»-.j8 

— 

— 

1800 

2.{     2 

7.;)i 

+  (1-29 

— 

— 

Mean 

..     7-02 

7-02       1 

Maximum  Nilk  (Jauge-reauixgs  at  Bahuai;!-:.  184G-1878J 


A.  1). 


184(; 
1847 
1848 
1849 
1851 1 
1851 
1852 

185;; 

1851 
1855 
185C. 
1857 
1858 
1859 
1800 
18(;i 
1802 
18C.;5 
18C.4 
18C.5 

isor. 
i8t;7 

18('..S 

18(;9 

187(1 
1871 
1872 
187;j 
1874 
1875 
]87(; 
1877 
1878 


Metr. 


7^24 
(•.•48 
7  •5;  J 
7';{5 
(•.•1:5 

7^;{8 

(■.•01 

7^7i; 
7  •no 

5 -94 
7-4C. 
(•.•09 
(■.•07 
5  •90 
7^27 
7^73 
(■.•(■.5 

7-7;i 

5-80 

(;-52 

7  •71; 

(•.•;58 

5-8;5 
7-85 
7  •50 
7-48 
7  •.•52 
(•.•45 
7-98 
7-15 
7-50 
5-18 
8-20 


Dirteri;!!! 


mil  lufaii 


+o^3;] 

-(••43 

+(Vt;2 

+  0-44 
-0-78 
+  0-47 
— 0-90 
+  0-85 
+  0-59 
-0-97 
+  (••55 
-0^82 
— (f84 
-l^oi 
+  (f3(; 
+  0^82 
— 0-2('. 
+  0- 

-1^ 

— 0- 

+  (!• 

-0^ 

-1- 


I'ive-vear  mean 


82 
11 

39 
,S5 
53 
08 


Mean 


(".•91 


+  (••94 
+  ((•59 
+  0-57 
+  (••41 
— 0^4C. 
+  1^07 
+  0-24 
+  0^59 
-1-73 
+  1^29 


95 
97 
90 
92 
9C. 
92 
(•.•93 
(•.•95 
(•.•(•.1 
(•.•29 
(^59 
(;•(;! 
(•.•72 
7- 01; 
7^04 
(•.•89 

(■.•84 
6- AC, 
(;-87 
7  •0(5 
7-01 
7-19 
7-30 
7-35 
7^28 
7^28 
(■.•85 
7^20 


DiJterHi.oH  fro...  m.'an 


(■.•93 


+  0-02 
+  (f04 
— o^o3 
— o-ol 
+o^o;'. 

—  II'OI 

o^oo 
+  ((•02 
-(••32 
-0^t;4 
-0^34 
-(••32 
-((•21 
+  (fl3 
+  0^11 
— 0-04 
— 0'04 
— 0-09 
-(••47 

— ()•()(; 
+0^13 
+  0^08 

+o^2(; 
+o-3r. 

+0-42 

+  0^35 
+  0^35 
+  0^o,s 
+  ((•27 


'  l''iitz  ill  Mi-t.  Zvit..  vol.  I.'.,   issi.,  (I.  :»3. 
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As  tlic  riviT  falls  in  tlic  winter  iiioiitlis,  its  li>vul  will  1)C  ruduccil 
Ir'Imw  that  (if  the  watei'-talilc  of  the  Hooil  plain  so  that  this  water  will 
tiiid  its  wav  haek  into  the  river  in  "-reiiter  or  less  (luautitv  acconliii"- 
to  the  jiorosity  of  the  ^st^atllIn.  Even  in  Xubia  this  takes  jilace  to 
some  extent  and  near  Serra  abont  ]')  hilonietres  north  of  Wadi  Haifa 
on  tlie  west  bank  water  can  be  seen  at  low  stage  triekling  over  the 
surface  of  a  rock  into  the  riviir. 

In  I'^gypt  not  many  observations  iiavc  been  made  on  this  point  liut 
during  the  flood  of  190,')  Mr.  Nans  '  observed  the  level  at  Nag  Hamadi 
of  four  oj)e)i  Avells  (saqias  from  which  the  wheel  and  pots  ha<l  been 
removed)  from  June  to  October,  and  the  results  are  shown  on 
Plate  XLI. 

There  is  another  source  of  water  sup[)lv  in  this  part  whii-h,  though 
it  dues  not  affect  the  regiment  of  the  river,  is  of  considerable  pi-actical 
importance  and   merits    more   careful  investigations    than   it    has  yet 
received.  ]  'J'lie    eastern   desert   lias  already   been   described   as   being 
(Trained  towards  the  Nile  by  numerous   wadies,   down  whicli  at  con- 
siderable intervals  the  water  from  occasional  rain  storms  pours ;  in  the 
more  northern  part  of  this  desert  rain  is  more  fre(juent  and  each  winter 
several  heavy  rains  occur.     These  furnish  a  ])crennial  supply  of  water 
,         \    in  the  larger  wadies,  in  I  lie  lower  reaches  of  which   there  exist  wells 
y^  ,         of  4  to  5  metres  in  depth  sunk  by  the  Arabs  in  the  gravel  ;  in  these 
y    /4)j  /        'i  small  depth  of  water  is  maintained  constantly  as  it  Hows  through  the 
■^         gravel  ou  the  rocky  bed  of  the  valley  until  it  reaches  the  Nile  \  alle\" 
where   it   shiks   into  the   coarsely  sandy  beds  which   pass  under  the 
modern  alluvial  deposit  of  the  Nile  mud.      Wells  of  moderate  depth  .")(! 
to  (iO  metres  have  of  late  years  been  bored  extensively  into  these  sands         X 
for  ])urposes  of  water  sup])ly  with   satisfactory  results.   l>ut   whether  \f^ 
they  draw  a  part  of  their  supply  from  the  Nile  itself  where  it  has  cut  \ 
its  bed  down  into  them   is   still  uncertain.  J 

The  Chemistry  of  the  Nile  Silt   and   Nile  Water.  =— A 

co!isi(leral)le  amount  of  chemical  work  has  been  dcjue  from  time  to 
time  OP  the  composition  of  both  Nile  silt  and  Nile  water.  The 
first  published  analysis  that  can  be  traced  was  a  determination  of  the 
composition  of  the  silt  made  in  1S12  by  Regnault.'  Sometime  between 


'  'I'lic  results  liave  l)ci>ii  Isinilly  (•i)iiiiriiiiiic;i|iil    liyllmi.    A.   l);ivey  L^irectoi'    if    tin'  rniiipMiiy  tii 
wluiiii  I  am  in<lehted  for  permission  to  piil)lish  them. 
'  Hy  i\Ir.  A.  Iaic.is.  F.  I.  ('.  SupiMiiituriileiit  of  tlie  Survey  l>p:irtmeiit  I^atjoratm'y. 
3  '•  Uesi-ription  de  I'Egypte."  Tome  XX,  I'aris  1S24. 
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1812  and  l.Sll  a  sample  of  silt  was  examined  by  Proi'essor  John;' 
additional  work  was  done  by  Lassai^ne  in  1.S44;-  by  Lajouchere  in 
1N,")();-  l>v  Paycn  and  Poinset  in  IS")!);-  and  liy  Mou.sta])ha  Magdaly 
in  1<S49-1<S')().'  in  LSol  a  series  of  twelve  samples  of  Nile  silt  and 
Nile  deposit  were  analysed  in  detail  for  Horner  by  -Toluison  and  Brazier 
under  the  snperintendeni'e  of  Hofmann.'  In  l.S()9  Houzeau  '  examined 
samples  of  silt;  in  lS7i^  Payen,  Champion  and  Gastinel  "  analysed 
both  the  silt  and  water;  in  1S74-.")  the  first  systematic  study  of  the 
Xile  water  was  made  bv  Lethebv  who  made  complete  monthly  analyses 
extending  over  twelve  months  of  both  the  water  and  the  mineral 
matter  in  solution  ;'  a  few  analyses  of  Nile  water  were  made  in  tiie  same 
years  by  Wauklyn  :"  in  1X77  various  odd  samples  of  water  from  both 
the  Blue  and  White  Nile  were  examined  but  tlie  name  of  the  analyst 
is  not  stated  :'•"  in  1<S<S0  Tidy  ])ublislied  analyses  of  the  Nile  water 
extendinu'  over  twelve  months  but  the  year  in  which  the  samples  were 
tiiken  is  not  given  :'"  in  1<S(S5  Judd  carried  f)ut  a  detailed  investigation 
of  the  microscopical  characters  of  the  Nile  deposit ; "  in  l.S<S7  Mathey 
examined  mnnthlv  samples  of  the  water  ;'■  in  1S8-S-9  one  sam])le  of 
water  a  foriiiyht  was  analvsed  bv  Pollard;'"'  in  l.S'JO  Schliesing  examined 
a  sample  of  the  silt :"  and  in  the  same  year  samples  were  also  analysed 
by  Muntz'"  and  for  the  natural  history  museum  at  Paris."'  In  1891 
Droop  Richmond'''  made  a  more  detailed  study  of  the  river  and  analyseil 
samples  of  the  water  taken  from  various  places  between  Wadi  Haifa 
and  the  sea.  In  18(54  <Tabriel  Bahri  determined  the  chlorine  in  various 
samples  of  Nile  water  taken  at  different  times  of  the  year.'"     In  1899 


I  "Reisen  in  Eiiropo,  Asien  iind  Afrika."    J.  Russeger,  Stuttgart  1841. 

'  Report  on  the  Deposits  of  the  Xili-  Delta.  .Iiidil.  Proc.  I{ov:il   Soriety  Xo.  210.  l.'^.SC,  and  Vol.  IW. 

^  "Meinoires  de  rin.stitut  Egyptien."  Tonii'  I,  I'aris  l.sii2. 

<  Phil.  Trans.  IS.w,   Tart  I.  p.  10.".. 

5  •■  Comptes  Kenilnes,"  X»  10  (S  mars  ISCil). 

<<  E!.'vptian   Irrifjation.     Willi-oiks.    2Tid    Kdition,  1899  and  also  "Les   Irrigations  en   Egypte.' 
l!aroi.s,  Paris  190t. 

7  The  River  Xile.     Baker.  I'ro<-.  Inst.  C.  E.,  Vol.  LX.  June.  Issn. 

"  Water  Analysis.    Wauklyn  and  t'liapuian.  London  1889. 

'J  Quoted  in  "Le  Nil,  le  Soudan,  I'Egypte."     Clielu  Bey.  Paris,  1891. 
i»  Dr.  Meymott  Tidy.  .lour.  Clieni.  So<iety,  Vol.  XXXVII.  issd.  Tniiis..  p.  I'l.s. 
"I  Proc.  Royal  Soeiety.  Xo.  240,  IS8C..  and  Vol.  fil. 
"  ".Annales  de  la  seienee  agrononiiiiue,"  tome  II..  p.  'Mit. 
'■'  Contributions  to  the  Chemistry  of  River  Water.     II.  Druop  Kiilimoud. 
>*  Bull.  Inst.   Egypt.  1890. 

'^  Muntz,   •Happort  ;\  I'Aeadeniie  des  Seieuees  ile  Pari.s."  ipioted  liy  Siekenlierger  in  "La  Coufign- 
ration  geologiipie  des  environs  d  i  Caire."    I^>  ('aire  18'.K). 

"<  "MusJuni   il'liistoire  uatnrelle  de  Paris,"  ipioted   l>y  Veuln-  l!ey  in    'S.il  Esryptien  et  Engrais,'' 
Bulletin  Institnt  Egyptien.  X"  10  1SS9. 

'^  (laluit-l  Haliri.     Paper  re;id  at  meeting  of  Institnt  Egyptien.  .Ian.  IS'.i.",. 
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Mackenzie'  imljlislicd  tlie  results  of  a  con.sideral)lp  anunint  of  work 
dealing  with  the  composition  of  the  Nile  silt  and  the  proportion  in 
which  it  occurs  in  the  river  at  different  periods  of  the  year,  an<l  he  has 
in  ](n'|iaration  furtiicr  work  on  the  same  lines.  Tn  \\)i)'2  one  sain])le 
ot"  water  from  tlie  Bain*  el  (j!el)el,  Kahr  el  Zarat'  and  Sobat  respectively 
were  analysed  in  the  Survey  Department  Laboratory. 

Ill  ( )ctol)er  190i  a  regular  and  systematic  weekly  examination  of 
sam[)les()f  the  river  water  Avas  coniinenced  hy  the  Survey  Department 
Laboratory  in  connection  with  the  control  of  certain  sand  filters  at  (J  iza.- 

A  consideraljle  amount  of  the  chemical  work  done  in  the  past  in 
connection  with  the  Nile  consisted  in  the  examination  (.if  single  samples 
of  either  the  watei*  or  the  silt,  and  the  results  obtained  are  comjjara- 
tively  useless  on  account  of  the  great  seasonal  variations  in  the  state  of 
the  river.  The  vahie  of  much  of  the  work  too  is  lai'gely  discounted  by 
the  fact  that  very  frei^uently  no  details  are  given  oF  how  the  sam|)le 
was  taken,  tlie  ])lace  from  which  it  was  taken  or  the  manner  in  which 
it  was  examiiKid.  No  work  whatever  a])pears  to  have  been  done  on 
either  the  nature  or  amount  of  the  gases  dissolved  in  the  river  water. 

A  brief  summary  and  criticism  will  now  be  given  of  the  most 
important  of  the  results  ol)taiiied  u])  to  the  present  by  the  various 
investigators  already  alluded  to. 

The  clKimical  as])ect  of  the  NiK;  mav  be  con\cniently  considered 
under  the  following  heads,  namely  : — 

(1)  The  nature  of  the  matter  in  suspension. 

(2)  The  natui'e  of  tlie  niatter  in  Nolution. 

Matter  in  suspension. — None  of  the  results  of  the  various 
published  analyses  can  be  considered  as  entirely  satisfactory  or  as  final. 
This  is  more  particularl}-  the  case  wirli  all  those  dating  before  Letheby's 
work  in  1874-5.  In  no  instsince  is  the  nature  of  the  "insoluble  matter" 
tated  ;  in  many  cases  the  oxide  of  iron  and  alumina  have  been  grouped 
together  and  not  determined  separately  ;  the  carbon  dioxide  and 
moisture  are  frequently  both  omitted,  wdiile  the  organic  matter  and 
combined  water  are  generally  determined  by  ''difference"  or  deiluced 
from  the  percentage  loss  of  weight  of  the  sample  on  ignition. 

The  first  attempt  to  determine  the  actual   nature  of  the  Nile  silt 
apart  froni    its   ultimate  chemical   composition    was  made  by  Judd. 


'  Till'    Mnmirhil    Value    of    Nile    Mini.   MiirUciizie.    Jour.    Klieil.  Ajirir.   .Soi-..    Cairo    IS'.lil  ;  also 
Manure.*  in  E^ypt  and  Soil  E.vliaiistion.  Mackenzie  and  Koadnn.  .Jour.  Klied.  Agric.  Soc.  Cairo  \H'.l'.). 
'  The  results  of  most  of  this  work  will  shortly  be  published  by  the  Survey  Uep:irtiiie;it. 
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who  referring  to  some  samples  of  Nik-  (lcjM)sit  i'roui  Zagazig,  say^^ 
that  the  specimens  consisted  of"  sand  and  mud  mixed  with  varying 
quantities  of  organic;  matter,  the  sand  containing  felspar  and  other 
complex  silicates  in  a  nearly  unaltered  condition,  while  the  mud  was 
l'orme(l  of  "  particles  of  the  i-hemieally  unaltered  minerals  reduced  to 
tile  finest  dust  hy  purelj'  mechanical  agencies,"  and  kaolin  ajipeared 
"  to  be  almost  altogether  absent."  If  this  is  true  of  the  Nile  deposit 
it  must  be  ecjually  true  of  the  silt  in  the  river  from  wliicli  the  deposit 
is  derived,  and  one  therefore  naturally  turns  to  the  published  analyses 
of  the  silt  expecting  to  find  tlie  same  facts  clearly  shown,  but  although 
many  analyses  have  been  made  from  time  to  time,  yet  as  Judd  points 
out,  in  none  of  these  analyses  has  the  combined  water  been  determined 
separatelv,  and  in  none  of  them  has  any  attempt  been  made  to  distin- 
guish the  ahuniiiii  existing  as  hydrated  silicate  (kaolin)  from  that 
present  in  other  combinations  ;  in  fact  in  most  of  the  analyses  as 
already  stated  the  alumina  has  not  even  been  determined  separately 
from  the  oxide  of  iron.  The  very  imj)ortant  fact  therefore  of  the 
percentage  of  kaolin  present  in  the  Nile  silt,  or  even  whether  it  is 
])resent  at  all  has  been  left  undetermined. 

The  following  analyses  may  I)e  cjuoted.  These  are  not  given  in  full 
but  only  so  far  as  they  bear  on  the  matter  under  consideration.  The 
carl)()n  dioxide  is  Nos.  2,  o,  and  4  has  been  calculated  from  the  I'alcium 
and  magnesium  carbonates  given  in  the  original  analyses. 


In{,'rfiiifiit 

(1) 

(2) 

(3) 

0) 

(■^■) 

Ins()liil)l('  matter  and  Siliea 
Aluiiiina       

48-07 

r.i-08 

1-47 

.')-;i8 

8-43 

o-.w 

40- 38 
13- GO 

4-78 

li'-io 

4-88 

.53-04 

8-7t; 

]-84 

;'i-"o3 

;)3-00 

14-r)7 

0-'.t4 

2-84 
l>l-.")8 

% 
.50-37 
21 -'.10 

Cai'hon  Dioxide 

Moistui'e       

1-GG 
I  11-52 

Water 

Or;^aiiic  JIatter,  ete 

Undetermined  and  loss     . . 

0-11 

In  the  absence  of  direct  evidence  it  was  thought  that  possibly    the 
indirect  indications  might  be  helpful,  and  so  the  whole  of  the  alumina 


1  Reiiort  on  tlie  Deposits  of  the  Nile  Delta.     Pi-oc.  Roy.  Sor.  No.  24i),    1886  and  Vol.  61. 

(1)  Mack(!n/.i>'.  .loiiriial  Khedivial  Agnciiltiiral  Soriety,  Vol.  1,  p.  102. 

(2)  Siikeiibergci-  '"La  coiifigiiration  (u'ologiqiie  ties  Fliivimn.^  du  Caii'p."  I.e  Oaire,  1890. 

(Vi  liraxwr  under  siii)M-inten(Un'p  uf  Hofminn.  Phil.  Tri'H.  Royal  Sor-iety   I.S.5."),  Part.  I.,  p.  10.5. 

(4)  Miintz.  '■  Rapport  i\  rAcadiMnie  des  Sciences  de  Paris,"  quoted  hy  Sickenherger  in  •■  l,a  i-onfi- 
piiration  (T'':)Iogiqni>  des  Environs  do  ('aire."     Le  Caire   lt<'.IO. 

(j)  -Mns'nMi  dhistuire  natnrelle  il  I'aris."  Quoted  by  Ventre  Bey  in  'Sol  Kfyptian  et  Kngrais," 
"  Bulletin  Institut  Egyptien."  No.  10,  1889. 
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present    in    the    .ihnvo   iiiialyscs   lias    Ik-oh   ciilciilatefl   to    kanliii    with 
the  folldwiiiii'  results 


Ingredient 


Kiioliii 

Containin;^  ( '<)inl)in<»il  Water 


1 

2 

3 

4 

48  •■5.-) 

i;-72 

;u-46 

4- 7:1 

% 

22-20 
•!-(iS 

.•{(5  •'.12 
-.•1:5 

X 
7-71 


The  various  percentages  of  coinbined  water  thus  obtained  are  in 
every  case  less  than  the  figures  shown  for  organic  matter,  organic 
matter  and  undetermined,  or  water,  organic  matter,  and  undetermineil. 
as  the  case  may  be,  and  since  these  several  irigreJients  in  the  analyses 
are  jirohably  simply  the  "loss  on  ignition"  less  carbon  dioxide,  it 
follows  that  in  no  instance  can  it  lie  proved  from  existing  analytical 
data  that  kaolin  is  not    j)resent. 

During  the  whole  of  that  jieriod  of  the  year  when  there  is  a  fair 
amount  of  sediment  in  the  river  it  is  found  to  be  almost  impossil)le 
to  produce  In*  sedimentation  and  filtration  a  water  entirely  free  from 
opalescence,  and  it  is  only  by  the  use  of  some  coagulant,  such  as  alum 
that  a  bright  and  clear  filtrate  can  beobtiiined.  Some  of  thesuspendeil 
matter  in  the  river  is  therefore  in  an  extremely  fine  state  of  division, 
and  it  is  probable  that  the  greater  part  of  this  verv  finely  divided 
matter  is  never  deposited  at  all,  either  in  tlie  river  channel  or  on  the 
banks,  and  hence  the  absence  of  kaolin  from  Nile  deposit  wouM  be  no 
])roof  that  this  ingredient  does  not  occur  in  the  river.  Further,  no 
deposit  from  any  one  locality  can  be  considered  as  necessarilv  repre- 
sentiitive  of  the  general  nature  of  the  river  silt.  Writing  on  this 
(piestion  Ilegnault  says:  ''II  faut  observer  que  les  quantites  de  silicc 
et  d'aluminie  varient  selon  les  lieux  oh  Ton  prend  le  limon ;  sur  les 
bonis  du  Nil  le  limon  tient  beaucoup  de  sable  ;  et  lorscju'il  est  porte 
par  les  eaux  de  rinondation  dans  les  terres  eloignees  il  perd  en  chemin 
une  quantite  de  sable  proportionelle  k  sa  distance  du  tleuve;  de  maniere 
(jue  lorsque  cette  distance  at  tres  considerable  on  trouve  I'argile 
presque  pur." ' 

Clay  soils  occur  very  extensively  in  Egypt,  but  whether  this  clav  is 
hydrated  siliaite  of  alumina  or  not  cannot  be  stated  ;  it  has  all  the 
physical  characteristics  of  true  clay  and  is  very  sticky  and  plastic  Avhen 
wet  and  cracks  and  becomes  hard  when  dry,  while  it  has  been    used 


I  ■IVsoription  ilr  TEgypte,"  tome  XX.   I'aris   1H24. 
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for  brickiniikinjj  from  the  earliest  times  of  wliicli  there  are  any  records. 
It  is  now  <renerrtlly  recognized  liowever  that  the  so-called  "clay" 
properties  depend  upon  the  fineness  rather  than  the  nature  of  the 
particles.' 

Accordinj;  to  some  mechanical  analyses  made  by  Means*  the  amount 
of  clay  (i.e.  soil  particles  havinj:^  a  diameter  from  O'OOo  to  O'OOOl  mm) 
found  in  some  Ejjvptian  soils  was  in  one  or  two  cases  as  much 
as  7o  per  cent,  and  in  onlv  6  samples  out  of  21  was  it  less  than  40 
per  cent. 

The  Xilf  mail  was  at  one  time  the  jrreat  fertilizer  of  Egypt  and 
for  thousands  of  years  an  integral  part  of  Egyptian  agriculture  was  to 
obtain  on  the  land  each  year  a  deposit  of  the  sediment  from  the  red  flood 
water,  but  with  the  advent  of  perennial  irrigation  this  sediment  is  being 
less  deposited  on  the  land  but  passes  away  into  the  sea. 

The  valuable  fertilizing  ingredients  in  tlie  mud  are  phosphoric  acid 
potash,  and  nitrogen,  the  latter  being  contained  in  the  organic  matter 
present.  The  following  analyses  show  the  proportion  in  which  tiiose 
several  constituents  occur:- 


In(;redients 

A 

B 

<• 

n 

Pli(i<])liori<.'  Acid 

P„t;i^ll 

0-21 
(VCS 
S  •  ( H ) 

O-'.IS 

,s-4;5 

1-7S 

]r)-u2 

o-:,7 

1  *  ( Kt 

Organic  Matter 

i(i-:i7 

"  Nile  nuid  sup})lies  sufficient  tjuantities  of  phosphoric  acid  and 
potish  for  the  groAvth  of  fair  crops  of  cotton,  wheat,  lyarley,  maize, 
beans  and  potatoes  but  does  not  do  so  for  sugar  cane,  berseem  and 
lierseem  hagazi  (alfalfa)."  ^ 

"  Nile  mud  does  not  supply  a  sufficient  amount  of  nitrogen  for  the 
use  of  nitrogen  consuming  crops."  * 

The  percentage  of  nitrogen  in  the  suspended  matter  varies  considerably 
at  different  times  of  the  year,  being  iiighest  from  ^lav  to  August  and 


I  Tlie  Soil  A.  D.  Hall,  London  1903. 

'  K'llaniatiim  uf  Alk;ili  Inml  in  K^'.v|>t.  T.  H.  Means  l'.  S.  Dcpni-tMieut  of  Airrirnlliin', 
Wasliinfjtiiii    IDO:!. 

A  and  H.    Maikenzif.  .lour.  KlieJ.  ••V.Ki-ir.  Soc.  Vol.  1,  l>age  102. 

f'and  I).    Lftlieby.   Tlit-   RIvit  Nile,  Baker  Mins.  Proca^ds.  Inst.  C.E.    Vol.    I,X  .Iiine  18S0. 

3  Dr.  W.C.  Muikenisie.  Tlie  Munnrlul  value  of  Nile  Mud.  .lour.  Klied.  .\gric.  Sor..  Cairo  1899, 
p.  102. 

*  Manures  in  Egyjit  and  Soil  K.\li:iustion,  Maikeii/ie  ainl  Koadei  .l.K.A>.  IS'.io.  |i.  1:^7. 
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lowest  from  September  to  December. 
will  make  this  clear. 


The  follow  in  <;  tabular  statement 


Mnlltll 

Nitriii.'iMi  piT  ri'iit 

ill  tcitril 
siispenili-il  iiKittfi  1 

Month 

Nitro^i'ii  per  crnt 

in  tdtiil 
siispfiiKifd  iiiath-r  ' 

January 

F(ibruar\' 

Mard.    ■ 

Aiiril       

June 

O-Of.^O 

()-()(;;!,s 
()-i(i.'.i; 

(iM'iOliO 

(cyn.'in 

July 

Au.uust      

Se|itember 

()ct()l.er 

Nii\(Mllber 
Decenilier 

(CCil^d 
OM'ilSCi 
(I-OICJ 

(l-O.'iTO 

(iM);i(U 

From  these  figures  Dr.  Mackenzie  argues  that  "as  far  as  nitrogen 

is  concei-ned the  susi)ende(l   matter  of  the  red  water  is  of 

less  value  than  at  any  other  period."  ' 

Taking  equal  weights  of  the  sediment  at  the  ditferent  seasons  tliis 
is  doubtless  true,  but  the  amount  of  silt  itst^lf  is  very  nuicli  greater  at 
the  time  of  red  water,  iuid  hence  the  total  amount  of  niti-ogcn  is  far 
higher  (hiring  the  flood  than  at  any  other  i)eriod. 

This  fact  is  well  illustrated  by  the  results  obtained  in  the  Survey 
Department  Laboratory  in  the  examination  of  the  unfiltered  river 
water.  As  soon  as  the  flood  arrives  tlic  amount  of  albuminoid  ammonia, 
which  is  a  measure  of  the  nitrogenous  oi'ganic  marter,  at  once  notably 
increases  and  this  increase  is  due  to  suspended  and  not  to  dissolved 
material. 

The  following  are  the  results  obtained  : — 

MlLLIGUAMS    PER    l.ITRK   (I'AIiTS    I'KU    JULLIoN).    ]'.»(>.').  • 


Month 

Al)HllllilllM(l 

aiiiiiioiii;! 

Month 

.\lbuniiiioiil 
aniinoiiia 

January  

February  

March      

April 

M\\- 

o-;{8.^) 
(1- ;!.■.;! 

0-2!  IS 
0-2S1 

(i-;i:ii 
O'.v.io 

July 

()*850 

August 

September      

October 

November       

December 

U-888 
l-fiTO 
0-082 
0-")21 

Jl.l\e 

0-42.-5 

But  apart  from  the  nitrogen  contents  the  organic  matter  itself  is 
not  without  value  from  an  agricultural  |)oint  of  \iew,  especiidly  in 
modifying  the  physical  characters  of  the  soil. 

I  Mii'.iures  in  Egypt  and  Soil  Exli.nustion.  by  Mackenzii'  and  Foaileii  .I.K.A.S.  lP,rn.  p.  l:U, 
'  Monthly  means  from  weekly  samples. 
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111  adilitioii  to  tlio  constituents  usually  recorded  in  all  analyses 
of  Nile  silt  Sickcnbergei-  states  that  he  found  traces  of  u-old,  copper, 
and  iodine.  ' 

Tiie  amount  of  oi'<;aiiic  matter  as  measured  by  tlie  ''loss  on  ignition" 
found  in  tlu^  samples  of  silt  from  Sarras  already  alluded  to  varied  from 
2-2  milligrams  per  litre  in  June  to  128-"  milligrams  per  litre  in  August. 

In  connection  with  the  susiiended  matter  in  the  ri\er  the  bacteria 
shouM  be  mentioned  since  these  too  are  in  suspension.  At  present 
very  little  is  known  concerning  the  bacterial  flora  fif  the  Nile  ;  weekly 
counts  however  on  agar  at  37°  C.  (after  IS  hours)  have  been  made  in 
the  Survey  Department  Laboratory  during  190o  and  the  number  of 
bacteria  found  has  varied  from  .ifid  ])er  c.c.  in  February  to  2<S,2G() 
per  c.c.  at  tlie  beginning  of  -Tuly. 


Matter  in  Solution. — The  soluble  matter,  like  the  suspended 
matter,  varies  very  much  at  different  times  of  the  year,  being  highest 
when  the  i'i\er  is  at  its  lowest  ebl),  and  gradually  decreasing  as  the 
river  rises,  until  the  minimum  is  reached  when  the  Nile  is  at  its 
highest  flood  level,  after  which  the  proportion  gradually  rises  again 
as  the  river  falls. 

The  proportion  of  soluble  matter  not  only  varies  from  month  to 
month,  but  also  from  year  to  year. 

The  following  summary  may  be  given  of  some  of  the  results  obtaiiie(l 
in  the  Survey  Department  Laboratory  in  li)0'). 

Mu.l.KiUAMS    I'Ra    UTKE.       (PaUTS    PEU    MH.I.InN). 

(  WceMji  minpU's.) 


Date 

Total  soluble 
Matter 

Cliloriiie 

Nitrir  Aeid 
as  Nitrogen 

Alliiiiiiiiioiil 
AiniMoiiia 

OxVJJell 

a  ttsor  heil 
(,Kiilien 

mo5 

January    

February    

March       

Ajjril 

May 

June 

July 

August     

September 

October 

November 

December 

170 
l'.« 
207 
2;50 
240 

2ao 
2i(; 

ISO 
140 
132 

i4t; 

150 

(■)-7 

ll-C) 

14-7 
20-1 

24-;'. 

2.!- 7 
20-5 
12-2 

;!-(; 
;i-7 

5-0 

traci' 

nil 

nil 

nil 
trace 

ml 

o-;57 

0-52 
0-14 
O-OS 
1  r.ice 

0-1.55 

o-i;{n 
0-127 
O-US 
(t-12S 
0-14S 
0-225 
0-207 
o-();i7 
0-1  i:i 
o-osi 
0-115 

i-ss 

2-47 
1-51 
1-47 
1-51 
2-04 
1-'.I5 

ri:i 
i-2;j 

0-'.t5 
1-42 

Ma\iiniini 

Miiiiinuin 

2()0 
125 

2t;-o 

2-5 

O.70 
nil 

0-270 
0-0(")5 

.•{•(to 
0-75 

■■  La  eoiitijj:uration  geologiqiie  ties  environs  lUi  Caiiv,"  Cairo  ISIHI. 
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The  aiiumiit  of  organic  inattor  in  solution  is  onlv  very  small  :  as 
measured  by  the  albuminoid  ammonia  and  the  oxygen  absorbed  it  was 
highest  during  1!)().t  in  July  and  lowest  in  November;  the  amount  of 
nitric  acid  is  also  very  slight,  and  in  190.5  was  highest  in  Septemlicr. 
From  an  agricultural  point  of  view  none  of  tlie  soluble  constituents  are 
present  in  sufficient  quantity  to  appreciably  affect  the  crops. 

As  already  mentioned  a  com[)lete  mineral  analysis  of  the  solul)le 
matter  in  the  river  was  made  bv  Lethebv  on  each  of  the  monthlv 
samples  of  water  examined  by  him. 

The  following  results  may  be  quoted. 

Milligrams  pkk  litre  (parts  per  million). 


('onstitiients 

1 

2 

( 'oustitufiits 

1 

2 

Linio 

44.2 
10. ;$ 

.51.8 

10.  :5 
i:5.o 

4.0 
17.4 

211.  ;i 

Phosphoric  Acid. . 

Nitric  acid 

Silica,  etc 

(_)ri:anic  matter    . . 

( 'arlionic  acid  and  loss. 

trace 

trace 

11.:? 

11. !• 
42.. S 

Irice 

Magnesia 

S(»l   !1 

tr.ici- 

r* 

1.5.0 

;{) .;! 

Chlorine 

Sulphuric  Aoitl 

i;.:5 

IS. 4 

4(1. '.' 

The  niiiiuiium  and  niaxinuiin  fij^fiires  ol)tamed  hv  Maymott  Tidy 
in  the  partial  mineral  analyses  made  monthly  by  him  already  alluded 
to  are  as  follows  : — 

MiLi.niRAMs  Pica  LiTHi-:  (Parts  pkr  million"). 


Constituents 


Total  >o]id  matter. 
Nitrogen  as  Nitrates 

Lime      

Magnesia 

Sulphuric  aniiyilridc 
( 'hiorine 


M»xiniuni 


Reasoning  from  Tidy's  results  Judd  says  "But  it  is  startling  to  find 
that  the  water  of  the  Nile  instead  of  containing  a  much  larger  proportion 
of  .saline  matter  than  other  rivers  as  Ave  might  anticipate  from  the 
enormous  evaporation  constantly  going  on  from  its  surface  in  reality 


1  Letheby,   Sninple  taken   Aii°;iist  12,   ls7l    at   lii^h  Nile.    The  River  Nile.    Riker  Mins.  I'roc. 
Inst.  r.E.  Vol.  I,X.  .lime  18SO. 

2  Letliehy.  Siiniple  taken  May  13.  IST.-,  at  Inw  Nil.-,  l.u-.  eit. 
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coiitain.s  far   k'.s.s  dis.solveil   niultur  tliaii  any  of  tlic  other  rivers  here 
compared  with  it"'  (/.  e.  Thames,  Leji,  Severn  and  Shannon). 

"Hence  we  are  led  by  an  examination  of  the  composition  of  Nile  water 
to  the  same  conclusion  as  was  reached  by  the  study  of  the  microscopical 
characters  of  the  muds  and  sands  of  the  Delta,  that  while  in  the  rainv 
districts  of  the  temperate  zone  the  disintegration  of  rocks  is  main)}- 
effected  by  chemical  agencies,  in  the  desert  areas  of  the  tropics  th.c 
same  work  is  almost  exclusively  effected  by  meclianical  forces." 

lUit  altliough  there  is  with  the  Nile  much  greater  evaporation  than 
in  the  case  of  European  rivers,  and  aithougii,  tliere  is  also  an  almost 
entire  absence  of  rain  to  make  good  tiic  loss  occasioned  by  this  evapo- 
ration, yet  the  snialli'r  amount  of  dissolved  matter  may  be  accounted 
for  in  otlier  wavs,  namelv,  first  bv  tli3  fact  that  tiiere  is  no  discharire 
into  the  Nile  of  large  volumes  of  sewage  laden  with  soluble  salts  such 
as  is  the  case  with  Etu'opean  rivers,  secondly,  the  absence  of  rain  means 
not  only  tlie  absence  of  storm  water  carrying  with  it  tlie  surface 
washings  from  the  land,  bnt  also  a  smaller  amount  of  water  that  has 
been  in  contact  with  the  soil  for  any  length  of  time,  and  which  holding 
in  solution  the  various  salts  it  has  dissolved  finally  finds  its  Avay  into 
the  river. 

Jndd's  conrlusions  therefore  that  a  small  niiueral  content  in  the  river 
necessarily  means  a  limited  amount  of  chemical  rock-disintegration,  and 
hence  an  almost  complete  al)sence  of  kaolin  are  l)y  no  means  certain. 

Kaolin  mav  be  almost  altoii'ether  absent  from  the  Nile  sediment,  but 
this  is  not  proved  by  its  absence  from  the  Zagazig  boring  sjuuples,  nor 
l)v  the  relativelv  small  anioinit  of  soluble  matter  in  the  Nile.  The 
Zagazig  samples  ma\-  not  l)e  at  all  typical  either  of  the  silt  in  the  river. 
t)r  the  sediment  deposited  elsewhere,  and  the  small  amount  of  solulilc 
mattor  in  the  Nile  water  may  be  due  not  to  any  lack  of  chemical 
decomposition  of  rocks,  but  to  the  fact  that  there  is  no  rain  either  to 
carr\-  the  decomposed  material  into  the  river  or  to  wash  out  of  the  land 
the  inorifanic  salts  resultin""  from  animal  and  vejifetaljle  life,  and  al.xo 
that  in  Egvpt  tlierc  no  large  cities  pouring  immense  quantities  of 
sewaije  into  the  river. 

( >n  a  comparison  of  Tidy's  results  witli  those  of  Letheby  for  1S74-5 
the  two  sets  of  figures  are  found  to  be  very  similar,  the  total  matter  in 
solution  for  example  each  month  l)eing  identical.  The  following  table 
gives  the  maxima  and  minima  of  various  results  .showing  the  great 
variation  in  boll:    the  natnre  and  aim  unt   of  the  sulublc  matter  in  the 

'   h-yc.  lit. 
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Nile,  not  only   in   flift'croiit  vears,  lnit   alsn  iil  different   reasons  of  tl  e 
same  year. 

Milligrams  peu  LrruF,  —  Pakts  per  million. 


Year 


1874-5 

ISSiS-'.t 
I'.MC) 


Aiialv^l 


Lethi}l)V 

Tidy  .  ' 

Polliinl 

Survey  IJepartiiii'iit 


l.ital  Soliille 
MaMcr 


Mill. 

12.") 


Slav. 

204 
204 
27(1 


ChllM'ilM' 


MIn. 

2-1 
2-1 
2-7 
2-5 


17-  I 

r.)-'.i 

.•{5-7 
2C)M) 


III  roiiiiectioii  with  the  analyses  made  by  LetheKy,  Waiiklyn  and 
Tidy  it  should  not  l)e  iorgotten  that  these  sjiinples  were  all  examined 
in  Eii<i;land  and  hence  had  been  kept  for  a  consiileraljle  time  before 
analysis,  and  as  organic  matter  undergoes  cliange,  being  progressively 
oxidized  to  ammonia,  nitrite  and  nitrate,  all  results  having  reference  to 
siil)stanees  of  organic  origin  are  valueless  and  must  be  disregarded. 

No  reference  to  the  oeeurrenee  of  iron,  alumina,  or  manganese  can 
l»t!  found  in  tlic  published  analyses  of  Nile  water;  these  three  substances 
however  are  all  jiresent.' 

Althouuii  a  u;ood  deal  of  u.seful  work  has  liecii  done  on  the  riiemistrv 
of  the  Nile,  yet  in  view  of  the  enormous  scientific  interest  and  practical 
importance  of  the  river  the  results  obtained  are  comparatively  small, 
and  maiiv  ])roblems  vet  remain  to  be  solved. 

Summary. —  Tlie  Nile  l)etween  Aswan  and  Cairo  follows  a  ' 
depriission  in  which  it  has  gra<lually  deposited  a  considerable  thickness 
of  alluvial  mud.  and  now  it  meanders  on  the  tiood-i)lain  which  it  lias 
formed.  In  earlier  times  side  channels  followed  the  lower  margins  of 
the  vallevs,  and  lagoons  and  swamps  existed  in  the  same  part  of  the 
\alley,  but  now  owing  to  controlled  irrigation  such  parts  have  Itcen 
reclaimed  and  former  water  channels  such  as  the  Sohagia  Canal,  and 
the  Bahr  Yusef  are  to-day  supply-canals  which  irrigate  the  marginal 
portions  of  the  valley.  For  the  })ast  fifty  centuries  at  least  the  Nile 
has  been  de])0siting  in  this  reach,  and  tlie  average  rise  of  the  bed  due 
to  this  is  a))out  O'lO  metre  per  century,  so  that  some  5  metres  of 
alluvial  mini  have  been  laid  down  in  historical  times.  Before  that  it 
is  not  vet  so  clear;  higher  dei)osits  of  Nile  mud  seem  to  belong  to  an 


1    Tlic  Dlnikriieil  I'.ucks  of  tin-  Nili'  Ciitaia  ■!»  ami  of  tlie  Efryptian  Dt-surt.   A.  Liii-aK.  Cairo  190.5. 
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older  and  a  higher  flood  plain  which  has  been  cut  down  into  hy  tln' 
river  as  the  result  of:  some  eliangc  of  condition  which  has  not  yet  been 
traced.  The  needs  of  agriculture,  and  the  requirements  of  a  dense 
population  have  produced  a  strict  control  of  the  river  so  that  the  water 
of  the  low  stage  su[)ply  may  be  used  as  economically  as  possible,  and 
the  turbid  water  of  the  flood  spread  as  widely  as  possible  in  order  to 
deposit  its  sediment  on  the  cultivated  lands.  The  river  therefore  is 
more  of  the  nature  of  a  great  supply  canal  than  a  stream  free  to 
meander  through  its  flood-plain.  Similar  control  of  the  water  and 
consetpient  reclamation  of  the  land  have  diminished  the  lake  which 
once  occupied  tlie  ilepression  of  the  Fayum,  until  now  a  small  and 
rapidly  shrinking  lake  alone  remains.    C^yi^^    -j-vr^-^o;    (''5^'— -1^^ 


V 


^C 


CHAPTKIJ  IX. 
T  HE   N  I  L  V.    \)  !•;  L  r  a  . 

W'l-  now  come  to  the  Delta  of  tin-  Xilc,  the  last  ista^jfc  <>f  the  river 
where  its  bed  is  eroded  down  to  and  even  below  the  base  level  the 
sea,  and  where  under  ordinary  conditions,  dcjjosition  is  at  its  niiixiirnnn. 

It  maybe  conveniently  considered  to  be}i;in  Ijclow  Cairo,  and  altlioujih 
to-day  the  first  bifurcation  takes  place  at  the  Delta  Barrage,  2(j  kihj- 
metres  down-stream,  it  is  certain  that  in  earlier  times  an  important 
branch  took  off  about  7  kilometres  below  Cairo  which  supplied  the 
ancient  Pebisiac  and  Taiiitic  arms.  In  modern  times,  and  especially 
within  tlie  last  hundred  years,  so  much  has  been  done  in  the  canaliza- 
tion of  the  Delta  that  it  is  difficult  to  distin;(uish  with  certainty 
between  river  arms  and  artificial  canals,  especially  as  an  existinjr  water- 
wav  may  include  lengths  of  both  in  its  course.  To-dav  both  the 
Ilosctta  and  Daniietta  arms  arc  contained  within  artificial  banks  and 
the  flood  waters  are  thus  conducted  to  the  sea,  so  that  the  usual  charac- 
teristic features  of  deltaic  conditions,  swami)s,  lagoons,  frecpiently 
shifting  channels,  etc.,  are  becoming  rare  as  even  the  hitherto  waste 
lauds  are  being  reclaimed  and  brought  under  cultivation. 

It  is  to  the  engineer  now  that  the  most  instructive  object  lessons  in 
reclamation  and  irrigation  are  furnished,  and  to  the  physical  geographer 
the  Nile  Delta  as  a  delta  teaches  its  lesson  less  clearly  than  many 
another  which  is  situated  in  regions  less  advanced  in  civilization.  Still 
there  are  a  few  points  of  interest  and  even  of  importance  to  be  learned 
from  a  .study  of  this  classic  area  which  has  given  its  name  to  all  the 
fan-shaped  deposits  laid  down  by  rivers  in  lakes  or  in  the  sea. 

The  Nile  Delta  measures  about  'Ihi)  kilometres  from  Mex,  to  the 
west  of  Alexandria,  to  the  shore  of  lake  Menzala  a  little  to  the  east  of 
Port-Said,  and  about  17.5  kilometres  from  Cairo  on  the  south  to  Borollos 
light-house  on  the  north  covering  an  area  of  about  2.S,900  square  kilo- 
metres, including  the  lakes  of  Mariut,  Edku,  Borollos  and  Menzala, 
the  small  lake  of  Abukir  having  been  now  entirely  reclaimed. 

The  approximate  areas  of  the  lakes  are: 

wiuare  kilometres. 

Lako  Mariut 200 

Lake  Edku    27(1 

Lakf  Borollos       iVM) 

Lake  Menzala       TJ.'JO 


Crediier  '  litis  divideil  .Icltas  into  tliroo  diisses : 

1.  Haviiifi,"  a  siii^ik-  iiiiiiii  arm  witli  mure  or  lests  uiiimportaiil  branehcs, 

the  delta  being  formed  :  — 
(i)  on  both  sides  of  (lie  main  arm  ;  Indus,  Niger,  Inawadi. 
A)  on  one  side  only  ;  Ganges,  Orinoco. 

2.  The  river  divides  into  two  t)r  more  main  arms  wliieh  : — 

(i)  reaeh  tlie  sea  without  subdividing  ;  Danube,  Lena,  Zambesi. 
I))  form  nnmerous  subordinate  branches:   Volga,  Nile, 
o.   Having  a  network  of  water  channels  but  no  main  arm  :   Petdiora, 
Mackenzie  ; 
thus  the  Nile  falls  into  the  second  part  of  the  second  grou]). 

The  method  has  already  been  discussed  by  which  a  river  of  low 
grade  carrying  a  load  of  sediment  in  suspension  not  only  raises  its 
Hood  jilains  IjutbuiMs  up  natural  embankments  along  the  l)anks,  since 
here  the  velocity  of  the  iniuidating  water  is  first  checked  and  the 
greatest  deposit  takes  place.  At  the  mouth  of  such  a  river  where  it 
flows  into  a  body  of  still  water  such  as  the  ocean  or  a  large  lake,  the 
material  in  suspension  sinks  to  form  an  alluvial  cone  of  very  low  slope, 
and  as  this  is  being  constantly  added  to,  a  fan-shaped  deposit  is 
gradually  formed  of  which  the  apex  is  situated  where  it  joins  the 
valley,  and  through  which  the  river  flows.  A  heavily  laden  river 
discharging  into  still  water  will  rapidly  extend  the  deposit  while 
currents,  which  can  carry  away  the  sediment  as  it  is  brought  down,  may 
indefinitely  check  its  extension.  The  conditions  under  which  the  Nile 
delivers  its  sediments  into  the  waters  of  the  Mediterranean  have  caused 
the  formation  of  a  comj)act  deltaic  region  which  presents  a  slightly 
convex  aresi  to  the  sea;  its  triangular  shape  resejnbling  the  Greek 
letter  A  was  early  recognized  and  this  name  aj)plied  to  it  has  become 
the  generic  name  for  all  areas  which  have  been  similarly  formed. 

A  river  which  is  forming  a  delta  and  has  built  up  its  banks  by 
deposition  will  sooner  or  later  in  a  high  flood  breach  its  bank  and  the 
waters  will  How  into  the  lower  ground  thus  forming  a  tributary  aim, 
which  will  in  its  turn  build  a  pair  of  embankments  and  form  a  delt;i. 
Thus  after  a  sufficient  time  has  elapsed  there  is  at  the  lower  cud  of 
the  \alley  a  region  of  recent  formation  in  which  there  are  one  or  niinc 
princij)al  channels  of  the  river  and  a  number  of  secondary  clianiiel> 
which  branch  off  from  the  main  channels,  and  in  their  turn  subdivide 
again.  This  network  of  channels  receives  the  muddy  waters  of  the 
river  an<l  each  branch  is  more  or  less  ra])idly  depositing  sediment  in 
the   neighbourhood  of  its  banks,  so  that   the  delta  surface  consists  of 
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liiiihcr  land  in  tlie  iieiglilinurhood  oF  the  river  anus  with  lakes,  lagoons 
(jr  in  a  later  stage  marshes  wliich  occu])y  the  lower-lying  area  between 
them.  Finally  these  are  tilled  up  by  deposition  in  the  part  of  the 
delta  near  its  apex  and  the  marshes  and  flooded  region  are  entered 
somewhat  lower  downstream.  As  the  delta  extends  seawards  the 
length  (jf  the  river  is  inereused  and  the  grade  of  this  portion  has  to 
rj-adjust  itself  in  order  to  provide  the  requisite  slope  to  earry  the 
suspended  material  td  the  ri\er  mouth,  so  that  the  surface  of  the  delta 
is  raised  and  its  apex  moves  up-stream.  Having  now  but  two  main 
channels  which  reach  the  sea  the  Nile  is  only  extending  its  delta  at 
these  two  points,  viz.,  the  Uosetta  and  Damietta  mouths,  but  even  here 
the  advance  is  not  ra])id  since  the  sediment  brought  down  by  tiie  river 
in  flood  is  to  a  great  extent  distributed  by  the  currents  produced  by 
the  stcadv  northerly  wind  of  the  summer  months.  In  the  lakes  .sedi- 
moutation  is  taking  place  but  the  volume  of  silt  baaring  water  received 
bv  them  small  compared  with  that  carried  by  the  main  arms. 

In  the  early  times  of  ancient  Egyptian  history  the  delta  was  largely  an 
area  of  m;u"sh  ;  the  main  arms,  of  which  seven  are  recorded  by  Greek 
authors,  divided  into  numerous  branches,  and  followed  meandering 
courses  to  the  sea.  In  the  Hood  season  all  these  overflowed  their 
banks,  depositing  their  load  of  sill  to  rais;-  the  delta  and  till  the  low- 
Iving  depressions  with  water  so  that  they  remained  as  water-logged 
marshes  throughout  the  year  ;  the  river  arms  and  smaller  water  channels, 
until  they  were  trained  and  embanked  in  much  later  times,  eroded  their 
banks,  and  cut  across  their  bends  to  leave  deep  crescent-shaped  lakes  where 
their  chaimels  had  formerly  been,  as  is  to  be  seen  iu  all  ileltas  of  rivers 
which  periodicallv  rise  in  flood.  At  this  ])eriod  the  larger  settlements 
must  have  been  in  the  neighbourh.oodof  the  larger  branches  where  sufli- 
clent  hi<di  <>round  had  been  formed  to  iirovide  areas  of  cultivable  land, 
until  the  marshes  became  silted  up.forminga  plain  suitableforcultixation. 

Geology. — Within  the  area  of  tlie  delta  no  rock  appears  excei)t  the 
limestone  of  Alexandria  which  forms  a  low  ridge  in  this  part  of  the 
coast  and  extends  westwards  as  a  low  linr  of  hills  ])arallel  to  the  shore. 
Eist  of  Abukir  it  does  not  appear  ami  the  rest  of  the  delta  is  formed 
of  the  alluvial  nmd  and  flue  sand  la-ought  down  by  the  Nile,  on  which 
near  the  sea  coast  are  sand  dunes  formed  by  the  northerly  winds. 

The  alluvial  mud  and  sand  of  the  delta  rests  upcju  a  thick  deposit  of 
yellow  quartz  sands  of  varying  coarseness  which  include  also  layers  of 
gravel,  and  also  lenticular  masses  of  stiff  ela\-.  These  are  generally 
considered  to  have  been  deposited  at  a  time  when  the  sea  extended  for  a 
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coiisirlenibleilistanfe  up  the  valloy.  Iicfori'  l\w  Xile  exi.-ted  in  it?>  ijre>ent 
Fonii.  Tli()ii"li  ii  horiiiji-  has  Ijeon  cai-ried  d(j\vn  to  104  metres  at  Za<ijazi.u- 
bv  the  Royal  Society  no  mvk  was  iin't  with,  nor  was  any  proved  in  :i 
boring  oF  Kio  metres  made  by  the  Abukir  Company  on  their  lands  to 
the  east  of  Alexantiria.  The  Delta  tlien  lias  been  deposited  on  a  thiek 
series  ot;  Huvio-marine  sands,  clays,  and  gravels  wliich  were  de}i(isited 
in  the  fault  valley,  in  wliich  is  now  the  cultivated  land  of  Egyjit. 

Tlie  thickness  of  the  Nile  mud  varies  considerably  from  point  t<> 
pi)int,})artlv  doubtless  from  the  uneven  surface  on  which  it  is  deposited, 
and  partly  also  from  tlie  difficulty  in  some  cases  of  determining  at  what 
piiint  the  hjwer  sands  rei)lace  the  Nile  mud  in  the  section.  The  follow- 
ing table   gives  the  thickness  of    it  as  found  in   recent  well  borings: — 


Tliirkijess 

ivptii 

Tlii(;knH^> 

D.-i.tl. 

I'LACE 

of  Xik'imid 

linred  to 

I'LALE 

of  Xileinuii 

boitd  t" 

nietri'ii 

mot  res 

inctros 

mr-tr'-s 

Sliamarka 

Beni-Sucf"     .. 

1(1 

2<M 

(Kafr  el  Slieikli). 

17 

12 

]5cni-.Sueff  Hospital) 

11 

Siinbellawcin. . 

.") 

<.i 

Tahta 

14 

2'.' 

Za^aziff  ' 

V 

104 

SoIkil'' 

17 

•10 

Zayiizig 

1.3 

35 

Tanta       

S 

(^)aliiil 

12-.") 

52 

Mehallct  Roll..      .. 

;i 

Bcnlia      

17 

37 

Sainanud 

12 

( Jairo  ( Uod  el  Farag ) 

17 

GO 

Kasi-elNil     ..      •• 

15 

Giza        

20 

38 

Helwan,  river  hank. 

19 

-14 

Gezira  (( 'airo). 

8 

3i! 

Luxor      

15 

30 

Climate. — The  climatic  conditions  of  the  delta  represent  two  types 
since  in  winter  those  of  the  Mediterranean  iirovince  extend  over  the 
whole  of  it,  while  in  summer  the  Saharan  type  predominates  except  in  a 
comparatively  narrow  belt  near  tlie  C(  last.  Observations  are  not  numerous 
and  Alexandria  and  Port-Said  on  the  north,  and  Cairo  on  the  south 
furnish  the  only  series  of  any  length.  The  passage  from  the  moister 
conditions  of  the  cultivated  area  to  the  aridity  of  the  desert  is  shown 
by  Ismailia  and  Suez  on  the  east  and  a  sh(jrt  series  from  the  Wadi 
Natrun  on  the  west. 

Mean  tempkhatihk  centigkade. 


I'LACK 

,l:ui. 

Vrh. 

ihn. 

April 

Miiv 

J  nil.' 

J  Illy 

All}:. 

Sept. 

Oct. 

24  M 

Nov. 

19*9 

IVm-. 

VEAU 

Alexandria  . 

14-2 

15 '5 

17-0 

l'.l-2 

21 -It 

24-3 

2r.-2 

26-9 

25 '9 

ir,-2 

20-9 

I'ort-Sai.l\  . 

14-0 

15-3 

IC.-ll 

r.i-1 

22-0 

24-7 

27-0 

27  m; 

21". -5 

24-9 

20-3  IC.-l 

21-2 

Ismailia '    . . 

13-2 

15-2 

17-5 

20-8,2;!''.l 

2f)-5 

28-5 

28-3 

2t;-i 

23-8 

18-7  15-1 

21-.) 

Suez'..      .. 

13- (5 

15-5 

18-0 

21-7  25-3 

27 -t; 

2'.l-4 

29-2 

27-1 

24 -8;  19- 11 15-4 

■>■>■■> 

Cairo  . .      . . 

12-3 

13-8 

ii;-'.t 

2r2J24-8 

27-'.t 

28-(; 

28-1 

25 -t! 

23-C.  18-9  14-8 

21-4 

'   I?oiiii;r  liiudf  by  Royal  Society. 

'  Sands  ended  at  32  in.  n-st  in  linieKtoue. 

'  M:i\imnni-|-miniinuiii 
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MkAN  maximum  TKMPKUATUIiE  CKNTUiliAliK. 


IT,  ACE 


Alexiindriii 
Toit-Siiid  . 

Ir^MIMiliM 

Sue/.    . . 
( 'iiirii  .  . 


.I:i:i. 


ISM) 
I.S-4 

l,s-i 

r.i-i 
IS-;! 


I'-.-b. 


Ill -4 

1 '.••'.• 

I'lM) 

■2\\> 
■2\-\ 


Mar. 


21-1 
■2\-'> 

I'.'i-i; 

■2i--2 


Ai>ril 


2;{-(; 
2:i-'.i 

27-7 

2S-,S 

2s-(; 


Miiv 


2C,-2 
20 -7 
.■il-2 
.TiM) 
.■i2M; 


JlIlK' 


28-0 
2'.l-l 

;!;i-s 


Jiilv 


2!)-0 


;5.v;?  ;!i;-s 
.•if)-!  .■ic.-i 


A.isr. 


:i2-i 
;!4-'.i 
;5t;-i 
;54-:i 


Sept. 


2\)-') 
lio-s 
;i2-;i 
;i;!-,s 
■'■>••> 


0<'t. 


27-7 

21). 2 

:ii-4 


Ni>v. 


28-7 

24  m; 

24-.") 
2.")  Ml 
24 -.i 


Dec. 

20- 1 
20-4 

2(1-:) 

21-1 
2(1-2 


24 -S 

2:)m; 
27 -s 

2S-.S 
2.S  •  2 


Mean    MINIMLM    TKMI'KIiA'nHE   CKNlTCliADE. 


ri,Ai'i: 


Alexandria 
Port-Said  . 
I.sniailia 
Suez    . . 
Cairo  . . 


S-l 


Kcl,. 


44  M") 
l()-7 

;i-4 
'.••.■) 

,S-2 


Mar. 


12-8 
12-2 

ii-;i 

11-7 
;)-i) 


April 


i4-;t 
i4-;! 
i;iMi 
i4m; 

12-8 


Mmv     .inn 


17-4 
ICT) 
17m; 

ir>-'.i 


2()m; 

20.. ■{ 

r.fi 

2(1M) 
18-.") 


.Iiilv 


22'9 
22  "2 
2'\-?> 
22  M) 
20-8 


An.L'. 


23' 


21-7 
22 '2 

20-8 


S,.pt. 


22-. -5 
''2' 2 
I'.l-S 
> 

} 


2()- 
18- 


2(f5 
20-7 

17m; 

18-2 
17-1 


Nov. 


i;!M) 
i;i-2 
i2-;i 


Dec. 


42-3 

11-8 
'.1-7 
'.1-8 

8-8 


YEA  II 


17-] 

k'im; 
i:.-i 
i.vc. 

14-4 


MkAN    MAXIMUM    KXTHEME    C'ENTIGHAIH:. 


1T,ACK 

.Ian. 

Ffb. 

2.-)".) 

Mar. 

31 -1 

April 

31-3 

May 

June 

.July 

Aux. 

Sept. 

Oct. 

32-4 

N.iv. 

Dec. 

YEAR 

Alexandria  . 

21-7 

3(;m; 

,3(;m) 

.32-1 

32-0 

33-1 

28-1 

2.")-(l 

30-7 

Port-Said  . . 

21  m; 

2C.M) 

;!()-8 

.32 -1 

31m; 

.3')  Ml 

m-r. 

34 -'.1 

.33-0 

.32-.-) 

28-8 

24-.-) 

.3(1-8 

Tsniailia 

22"'.i 

27-;! 

;i2-;i 

;}i;-8 

.38-8 

4(1-.") 

311 -2 

.38-4 

.3(;-(; 

.34 -.-i 

2:1-4 

2.V4 

.33-.-) 

Snc/.   . . 

22''.l 

2(;m; 

31-7 

.3') -7 

.3;i-8 

42M» 

4(1-3 

3:1-8 

38-2 

3.V7 

.3(1-1 

2.V1 

.34-0 

Cairo  . . 

22  m; 

28-2 

.33 -8 

.37  m; 

40-4 

41  m; 

.3:1-7 

4(l-(l 

3(;-:i 

.3.V2 

2:1-1 

2.^) -3 

.34-2 

Range. 


I'l.ACE 

.Jan. 

Feb. 

Mar. 
8-3 

April 

May 

.Innc 

.July 

A 11^-. 

Sept. 

Oct. 

X..V. 

Dec. 

7-8 

YICAU 

Alexandria  . 

7m; 

7-8 

8-7 

8-1; 

7-4 

(;-7 

(;-8 

7-2 

7-2 

7"(; 

7-(; 

Port-Said  .. 

8-7 

;i-2 

:)-3 

:i-(; 

:i-3 

8-8 

;i-(; 

8*;i 

8-(; 

8-.-) 

8--> 

8-(; 

;i-() 

Ismailia 

10-.-) 

11 -i; 

12 -.3 

13-8 

14-7 

14-7 

14-(l 

13-2 

12-.-. 

12--. 

Il'-> 

10*8 

12-7 

Suez    . . 

U-D 

12-(l 

12- 1; 

14-2 

I.-)-4 

4.V3 

44-8 

i3-:i 

13- C 

13-2 

11-8 

11-3 

13-2 

( 'airo  . . 

11-4 

i2-:i 

14-3 

4'>-8 

i(;-7 

ic-t; 

15-3 

44-1 

13-3 

13-0 

12-0 

11-4 

i3-:i 

Mean  extheme  minimum  temperature  uentkiuade. 


I'LACE 

.Jan. 

Feb. 

Mar. 

;i-3 

April 

May 

June 

.July 

Auf;. 

21-2 

Sept. 

Oct. 

N.)v. 

Dec. 

yeah 

Alexandria  . 

(;-8 

8-2 

12-0 

u--> 

17-8 

21-0 

1:1-1 

u;-(; 

12-0 

7-7 

1.3-8 

Port-Said  .  . 

(;-3 

7-:t 

8-.^ 

11-1 

I3-2'li;-7 

1:1 -3 

20-2 

1:1-4 

i(;-7 

11-0 

8-1 

13-2 

Ismailia 

4-4 

(i-3 

7-(l 

II -8 

12-.-)  i(;-.3 

m-t; 

1:1-7 

i(;-:i 

14-2 

:i-o 

.-)  - .-) 

11-8 

Suez   . . 

4-3 

c-o 

7-3 

lo-t; 

1.3-4 

17-2 

111-2 

20-0 

17-3 

14-2 

8-8 

.-)-4 

12-0 

Cairo  . . 

2-r, 

4-0 

.-)•(; 

8-8 

11-7 

l(;-0 

18-3 

18-2 

l,-)-8 

i;!-(; 

8-.-) 

4-.-) 

lo-i; 

—  ;wi  — 

Hki.ativk  in  miiuty  J'ku  cknt  (S  or '.•  ;i.in.). 


Place 

.T;iii. 

Vrh. 

Mill-. 

Ajpi-il 

MllV 

.June 

July 

Auk. 

s,.,,t. 

Oct. 

Nov. 

Der. 
00 

YEAR 

Alpxandria  . 

(•)2 

r.i 

oo 

(;o 

(U 

07 

(-.4 

(i3 

04 

01 

o;i 

Pol-t-SMill     .. 

7;t 

7S 

74 

72 

71 

72 

75 

74 

74 

70 

7") 

80 

li> 

IsMiiiilia 

,S4 

SO 

7'> 

70 

71 

74 

77 

SO 

SO 

i<2 

s;i 

84 

7S 

Suez    . . 

7t; 

74 

70 

C") 

('.4 

(;(■) 

70 

74 

7") 

77 

7S 

70 

72 

( 'air. 

72 

7(1 

Gl 

-)4 

r,() 

-).•{ 

01 

07 

OS 

72 

72 

74 

04 

l{F.r,ATiVK  iir.MiDirv  i-kk  crnt  (2  or  ;!  p.m.). 


I'LACK 

.l;iM. 

Fell. 

Mar. 

April 

May 

.IiiriH 

.Inly 

Aiij;. 

.•^ept. 

Oct. 

Nov. 

Dec. 

YEAR 

Alexandria  . 

->2 

51 

50 

(;o 

01 

58 

50 

58 

55 

58 

5t; 

Port-Said  . . 

0.5 

02 

.5!) 

.v.) 

OO 

(12 

(;4 

o;^ 

02 

t;4 

o;^ 

00 

02 

Tsmailia 

4'.t 

415 

;is 

;i2 

:m) 

:?o 

M 

.•i4 

40 

42 

47 

51 

.31) 

Suez    . . 

40 

:]-> 

;i2 

27 

25 

24 

27 

28 

;5o 

.34 

88 

41 

.32 

Cairo  . . 

48 

4.-5 

;ii 

;5o 

27 

27 

2il 

;52 

;{'.i 

41 

44 

4'J 

.30 

Vaimhk  tension  Mii.MMETRros  (S  or '.•  a.m. ). 


I'LACK 


Alexandria 
Cairo  . . 


.Tan. 

Feb. 

Mar. 

April 

May 

Jciiic 

15- 3 
1.3-2 

.Jnly 

Au-. 

Sept. 

(Vt. 

Nov. 

I  ).-,■. 

7-4 
7-0 

7-0 
7 '5 

8- 3 

8-2 

'.1-8 
'.1-1 

12-0 
10-7 

17-7 
15-9 

17-4 

10 -8 

10-0 
15-8 

14-7 
14-0 

11-2 
10-7 

S-7 
8  •  5 

12-2 
11-5 


Vapour  tknsion  millimetres  (2  or  .3  p.m.). 


I'LACE 


Alexandria  . 
Cairo  . . 


.la  11. 


7-0 


Fch. 


7-0 

O-'.l 


Mar. 


8-3 
7-1 


April 


0-!t 

7-0 


.M.av 


12-4 

S-8 


.Iiiiie 


15-0 
10-4 


.Illlv 


18-1 
11-5 


AUiT. 


17-7 
12-7 


S,.pt. 


10-1 
13-1 


Oct. 


14-0 
12-2 


Xijv. 


10-8 
!)-0 


Ilic.     VKAIl 


8*8 
8-1 


12-3 
'.'•5 


The  rainfall  is  lifjfht  ami  is  nor  of  niiicli  iinportanci'  in  most  parts 
except  tliat  near  Alcxanilrin  the  wiiircr  riiinfall  is  counted  upon  to 
some  extent  to  supply  a  certain  amount  of  water  while  the  supply 
canals  are  temporarily  closed  for  eleaiiin«i-.  To  the  west  of  Alexandria 
the  rainfall  is  heavier  and  a  valuahle  cro])  of  barley  is  cultivated  by  the 
Arabs  on  the  belt  of  countrx  h  iuii'  near  the  shore  of  the  Mediterranean, 
iuid  the  ruins  of  numerous  cisterns,  dams  and  other  ancient  buildings 
show  liow  extensively  cultivation  wns  fonncrlv  carried  on  by  artificially 
storing  the  winter  niiufall. 


—  .•i42  — 

Tlio   fdlluwiiiii'  tiil)lc   sliow.s   llic  ili'crciiso  of  llic  aiiiiuint  dI  raiiilal 
from  west  to  oast : — 


I'l.Aci; 

Xo. 
of  years 

Mean 
yearly 
rainfall 

I'f.ACE 

No. 
i>r  yi-ars 

Mraii 
yearly 
niinfall 

Aloiers    

riiiiippi'viiic  . . 

Tunis 

Gal.es      

20 
•> 

i; 

mm. 

807 
487 
187 

Tripoli 

I't'iii^azi 

Aloxautlria 
Port-Said        . .      . . 

■S 
20 

mm. 

.*?-)4 

:5:)4 

220 
84 

Tho  i|iiaiitit\'   oi"  vain  wliicli   lias  Iteoii  recorded   in  eacli    month   at 
Alexandria.  l*ort-Said,  Ismailia  and  Suez  is  oiven  here. 


.Mo.XTIlLV   KAINFALL  IX  .M  I  I.LI  .M  KTKES. 
Alexandria  ' 


1  lATE 

Jan. 

Fell. 

Mar. 

April 

May 

.Iiine 

.Inly 

Aug. 

Sppt. 

O.t. 

Xuv. 

41 

He.-. 

1.30 

YEAH 

18(17..         .. 

ri7ii 

1808..     .. 

27 

9t; 

25 

0 

(1 

0 

0 

0 

4 

ii 

40 

9i; 

305 

18(;'.)..     .. 

.59 

20 

1 

■> 

II 

(1 

0 

0 

0 

0 

40 

39 

101 

1870..      .. 

27 

;? 

28 

10 

0 

(1 

0 

0 

0 

1 

0 

11 

80 

1871..      .. 

.") 

78 

33 

1 

0 

0 

0 

0 

0 

13 

7 

43 

180 

1872..      .. 

04 

35 

82 

4 

0 

0 

0 

0 

0 

0 

27 

101 

313 

187;j..      .. 

r.i 

80 

19 

4 

II 

0 

0 

0 

0 

<) 

80 

58 

301 

1874..     .. 

07 

23 

51 

0 

1 

II 

0 

0 

(1 

7 

15 

19 

183 

187.')..     .. 

<x> 

34 

20 

0 

(1 

0 

0 

0 

0 

0 

15 

25 

195 

187(;..     .. 

41 

10 

21 

3 

1 

II 

0 

0 

0 

70 

112 

11 

275 

1877..     .. 

87 

91 

<) 

1 

II 

(1 

0 

0 

0 

24 

27 

28 

207 

1878..     .. 

22 

30 

32 

(1 

0 

0 

0 

0 

0 

0 

24 

15 

123 

187'.)..     .. 

10 

13 

2-J 

1 

0 

0 

0 

0 

0 

0 

0 

34 

80 

1880..      .. 

50 

2S 

17 

3 

0 

0 

0 

0 

4 

1 

27 

140 

270 

1881..      .. 

1 

09 

16 

1 

.3 

0 

0 

0 

0 

1 

00 

02 

172 

1882. .      . . 

S.") 

70 

5 

22 

1 

0 

0 

0 

,  , 

,  , 

,  , 

,  , 

rLS31 

1883..     .. 

oo 

49 

0 

0 

0 

0 

0 

0 

;> 

17 

94 

15 

240 

1884..     .. 

183 

48 

0 

0 

1 

0 

0 

0 

9 

7 

2K 

34 

303 

188.i..     .. 

lOG 

10 

0 

11 

0 

0 

0 

0 

13 

0 

30 

50 

232 

188t;..     .. 

1 

21 

0 

0 

1 

fl 

0 

0 

25 

0 

0 

38 

92 

1887..     .. 

98 

34 

0 

3 

0 

0 

0 

0 

0 

0 

4 

37 

182 

1888..     .. 

G8 

40 

0 

3 

13 

0 

0 

0 

0 

1 

51 

99 

281 

188'.i..     .. 

04 

38 

4 

2 

0 

0 

0 

0 

0 

0 

03 

84 

255 

1890..     .. 

70 

3 

7 

4 

0 

0 

0 

0 

0 

0 

90 

00 

234 

18'.)1 . .     . . 

.50 

44 

29 

0 

0 

0 

0 

0 

12 

0 

0 

48 

183 

18'.»2..     .. 

.59 

8 

14 

0 

0 

0 

0 

0 

0 

8 

99 

20 

214 

18i»3..     .. 

80 

19 

47 

0 

0 

0 

0 

0 

0 

7 

13 

98 

2(;4 

18!t4..     .. 

48 

0 

34 

0 

4 

0 

0 

0 

0 

0 

9(; 

20 

217 

18'.t;3..     .. 

0 

1 

1 

9 

0 

(1 

0 

0 

0 

0 

10 

,S7 

114 

1800..     .. 

52 

50 

24 

11 

1 

3 

0 

1 

0 

0 

0 

0 

0 

9 

0 

47 

.33 

54 

810 

Mean   . . 

34 

19 

0 

() 

7 

40 

210 

'  Firuuia 
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Alexandria  (KoJt  kl  Nauika,  alt.  li;i  im-ti-e-i). 


llATF. 

Feb. 

0 

Mar. 
7 

April 
0 

May 
0 

June 
(1 

July 
0 

Aug. 
0 

Sept. 

Oil. 

4 

Nov. 

IXi-. 

Year 

1.S111..         .. 

9 

7(5 

113 

18112. 

.".1 

11 

13 

■; 

9 

0 

0 

1) 

<• 

11 

S.T 

23 

Ills 

18113. 

Sit 

1'7 

.-).•! 

■> 

.3 

0 

u 

1) 

0 

r. 

11 

1(»7 

21)S 

181»i. 

:>■> 

17 

40 

0 

«■) 

0 

n 

0 

0 

0 

102 

30 

247 

181t.'>. 

1 

0 

4 

k; 

0 

0 

II 

0 

0 

0 

4.; 

K  i(  1 

Km 

18lir.. 

'     C.ll 

\-> 

11) 

9 

0 

0 

0 

0 

1 

1 

41 

27 

20.5 

181)7. 

12(5 

12 

14 

0 

0 

0 

0 

0 

0 

14 

1 

107 

274 

18t>8. 

.57 

4(i 

1 

0 

0 

0 

0 

0 

0 

0 

i;o 

144 

.308 

181)9. 

73 

23 

•> 

0 

0 

0 

0 

0 

0 

■}>< 

2.T 

(14 

24". 

I1)()0. 

14 

33 

IC. 

0 

9 

0 

0 

0 

0 

0 

10 

12.T 

200 

11)01. 

83 

0 

4 

0 

0 

0 

0 

0 

14 

0 

.30 

")7 

18.S 

11)02. 

104 

8 

4 

1) 

1 

0 

0 

0 

0 

:> 

3(1 

1)2 

2')(; 

11)(I8. 

110 

.{4 

14 

1 

0 

0 

0 

0 

0 

0 

10 

24 

173 

11)04. 

(•.3 

13 

0 

■> 

0 

0 

0 

1 

0 

3 

(i.'i 

50 

197 

UK).'.. 

4t; 

IC. 

14 

0 

0 

0 

0 

0 

0 

28 

7 

ICO 

27] 

Mean    . . 

i;2 

20 

14 

9 

1 

0 

0 

0 

1 

9 

3.0 

71) 

22.3 

Port-Said. 


Date 

Jan. 
5(5 

Feb. 
7 

Mar. 

April 

May 
0 

June 
(1 

July 
0 

Aug. 
0 

Kept. 

0 

Oct. 

1 

Nov. 

1 

Dec. 

Year 

188(5..      .. 

20 

7 

9 

94 

1887. 

99 

19 

9 

0 

0 

0 

0 

0 

0 

0 

13 

c 

C2 

18S8. 

50 

0 

0 

1 

0 

C 

0 

0 

0 

0 

15 

19 

91 

1889. 

8 

11 

.3 

0 

0 

0 

0 

0 

1 

0 

1 

3 

27 

1890. 

29 

0 

21 

25 

0 

0 

f» 

0 

0 

0 

9 

12 

9(5 

ISIH. 

24 

14 

4 

1 

0 

0 

0 

0 

0 

0 

3 

(51 

107 

LSI  12. 

k; 

1 

12 

9 

0 

0 

0 

0 

0 

9 

25 

9 

67 

1.S93. 

1(5 

9 

40 

10 

9 

0 

0 

0 

0 

21 

.3 

89 

183 

1894. 

10 

18 

k; 

0 

0 

0 

0 

0 

0 

0 

.52 

9 

98 

1S9.J. 

4 

3 

9 

20 

0 

0 

0 

0 

0 

0 

9 

11 

49 

isik;. 

18 

31 

14 

3 

<l 

0 

0 

0 

0 

9 

12 

4 

93 

1897. 

k; 

7 

13 

0 

9 

0 

0 

0 

0 

0 

2^ 

64 

130 

1898. 

(5 

() 

8 

0 

0 

0 

0 

0 

0 

0 

43 

11 

74 

1899. 

5 

4 

0 

0 

0 

0 

0 

0 

0 

9 

3 

15 

29 

1900. 

10 

32 

0 

0 

0 

0 

0 

0 

0 

0 

9 

23 

67 

1901. 

34 

0 

0 

0 

1 

0 

0 

0 

0 

0 

17 

38 

90 

1902. 

14 

5 

7 

9 

0 

0 

0 

0 

0 

1 

7 

9 

52 

191)3. 

29 

12 

10 

0 

0 

0 

0 

0 

9 

0 

9 

9 

57 

1904. 

■>^ 

12 

1 

21 

(5 

0 

0 

0 

0 

4 

8 

37 

117 

1905. 

24 

9 

22 
10 

0 
5 

0 

1 

0 

0 

0 
0 

0 

0 

3 

9 

0 
13 

45 
23 

96 

Mean   .. 

21 

1 
1 

9 

0 

0 

S4 

—  844  — 
Ismailia. 


'■—  ■            

Date 

Jan. 

Feb. 

M:ir. 
'i 

April 

May 

June 

0 

July 
0 

Aug. 

0 

Sept. 

0 

Oc-t. 

II 

Nov. 

•} 

Dt«-. 

Year 

issi;..    .. 

■J 

4 

11 

43 

1.SS7. 

12 

i) 

('i 

12 

0 

0 

0 

0 

0 

0 

i; 

47 

ISSS. 

17 

i<; 

0 

14 

I'.t 

0 

II 

0 

0 

1 

5 

11 

83 

lS81t. 

IS 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

23 

LS'.ld. 

2S 

20 

I'l 

1) 

0 

0 

0 

0 

0 

1 

14 

73 

IS'.ll . 

13 

s 

0 

0 

0 

0 

0 

0 

44 

0 

23 

97 

IK'.t^. 

3 

0 

0 

0 

0 

0 

0 

0 

0 

8 

9 

13 

18M. 

■>•} 

2 

111 

0 

0 

0 

0 

0 

II 

1 

9 

32 

78 

1S04. 

•? 

14 

9 

0 

1 

0 

0 

0 

0 

0 

lii 

3 

S.-) 

ISlt/i. 

1 

•) 

28 

7 

0 

0 

II 

II 

II 

40 

9 

80 

ISIIC. 

7 

<; 

1 

.{ 

0 

II 

0 

0 

II 

0 

3 

24 

is;t7. 

S 

7 

1) 

1 

n 

II 

0 

1) 

II 

18 

3 

32 

is;  IS. 

.J 

•; 

1) 

1) 

0 

0 

II 

II 

II 

10 

111 

2t; 

is;t;i. 

2 

10 

.{ 

0 

0 

1) 

0 

0 

0 

4 

i; 

13 

38 

r.KH). 

il 

2r. 

0 

0 

0 

0 

0 

II 

0 

0 

II 

3t; 

71 

I'.MIl. 

7 

0 

0 

10 

■} 

0 

0 

0 

0 

II 

r> 

2i» 

r.iiL'. 

(! 

(i 

0 

1) 

(1 

(1 

II 

II 

0 

4 

1) 

2(1 

IWA. 

4 

11 

(1 

II 

0 

II 

0 

1 

0 

0 

20 

37 

I'.t(i4. 

■JH) 

12 

0 

4 

n 

0 

II 

0 

0 

II 

2 

lo 

r>3 

JI(  an    . . 

10 

I'l 

;"» 

.•! 

•5 

II 

0 

II 

II 

.•5 

r> 

11 

47 

Port-Taiifik 

(Suez). 

Date 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

I^ept. 

Oot. 

Nov. 

Ileo. 

Veab 

issr...     .. 

8 

m 

1SS7. 

3 

II 

4 

ill 

11 

11 

II 

11 

0 

II 

11 

17 

ISSS. 

II 

4 

0 

4 

1 

II 

II 

(1 

11 

II 

II 

18 

ISS'.l. 

28 

II 

I) 

1 

0 

II 

(1 

II 

11 

7 

37 

ISiKI. 

ir> 

3 

9 

(1 

II 

(I 

II 

II 

11 

9 

2H 

IS'.ll. 

IS 

II 

0 

II 

11 

II 

II 

11 

11 

(1 

27 

1S'.I2. 

0 

0 

0 

1 

II 

II 

" 

(1 

11 

0 

0 

1 

1S'.I3. 

12 

0 

II 

0 

0 

11 

0 

(1 

0 

12 

24 

is;t4. 

II 

8 

0 

II 

II 

II 

0 

0 

4 

0 

13 

is'.ir,. 

II 

0 

i 

0 

0 

0 

0 

0 

9 

0 

11 

is'.u;. 

4 

1 

0 

3 

0 

0 

II 

0 

0 

0 

14 

is;t7. 

0 

0 

0 

11 

0 

0 

0 

0 

9 

0 

2 

ISitS. 

0 

0 

10 

(1 

11 

0 

0 

0 

0 

3 

i; 

24 

ls9!t. 

9 

0 

0 

11 

0 

0 

0 

II 

0 

0 

4 

ItllKI. 

II 

18 

1) 

11 

0 

0 

0 

0 

II 

9 

•in 

I'tdl. 

3 

(1 

0 

8 

0 

0 

II 

11 

0 

1) 

11 

r.H)2. 

8 

11 

I) 

0 

0 

0 

n 

0 

3 

9 

0 

25 

l'.»03. 

1 

II 

II 

0 

0 

II 

0 

0 

0 

24 

2o 

li)04. 

17 

14 

7 

0 

0 

II 

0 

0 

0 

10 

48 

v.trn. 

18 

1 

') 

0 

11 

11 

0 

II 

0 

11 

24 

Moan    . . 

7 

>> 

1 

0 

0 

0 

0 

11 

11 

0 

4 

ii; 

—  ?a:>  — 

It  lias  Ix'Oii  pcrsistontly  stated  that  tlic  imin-ovcd  irrigation  of 
recent  years  in  E<rypt  and  the  conseqnent  extension  of  cultivation 
has  modified  the  climate,  renderinjr  it  cooler  in  summer,  colder  in 
winter  and  increasin<r  the  humichty  and  rainfall.  Accurate  observa- 
tions extend  over  tfM)  short  a  time  to  refute  or  establish  this  view, 
and  the  positions  of  the  observin<^  stations  are  not  the  most  favourable 
for  doing  so,  since  Alexandria  and  Port-Said  are  on  the  coast,  and 
Cairo  is  at  the  extreme  a))ex  of  the  delta  and  close  to  the  desert.  The 
principal  chan^'^e  which  has  taken  place  in  agriculture  is  the  great 
development  of  summer  cultivation  before  the  arrival  of  the  flood, 
which  has  been  rendered  possible  by  the  repair  of  the  Delta  Barrage 
and  by  the  construction  of  the  Zifta  and  Assiut  Barrages  and  the 
Aswan  dam;  we  mav  therefore  expert  to  find  an  increase  in  the 
humidity  in  the  earlv  summer  months  in  the  delta.  Furtlier  up  the 
river  it  is  less  likely  to  be  noticeable  as  the  winds  blow  from  the 
deserts  and  liave  a  comparatively  narrow  ^trip  of  irrigated  land  to 
pass  over,  while  in  both  cases  the  immediate  surroundings  of  the 
station  will  have  undue  influence.  In  examining  the  humiditv  it 
will  be  noticed  that  both  the  relative  and  absolute  humidity  begin 
to  increa.se  in  June  not  only  in  the  delta  and  the  Nile  valley  but 
also  in  the  desert,  e.g.  Kliarga  and  Dakhla  oa.ses,  Aswan  and  Wadi 
Haifa  so  that  this  is  a  seasonal  effect  and  not  due  to  agricultural 
development  only. 


Mean  rf.lativf.  hi'miditt  per  cent. 


Month 


M;uvh        . 
April 

yiuy  .  .      . 
June.. 
July..      . 
Aiijrust 
SeiitemluT 
t)ct<>h('r     . 


Alexan- 

Port- 

dria  1 

Said 

f.l 

77 

t;2 

11 

(j.5 

7") 

('>!» 

7i'. 

7(t 

SI 

08 

7;) 

Tit 

liii 

77 

Cairo 


;V.I 
.".1 

47 

47 
.')<» 

')»; 

(•.2 
('•('i 


As^iiit 

Aswan 

Wadi 
Haifa 

Kliarpi 

")7 

.■i4 

.$2 

24 

42 

;u 

24 

i;t 

.•i4 

2'.t 

1!) 

14 

.•5;^ 

2f. 

21 

IS 

.if. 

24 

27 

I'.t 

44 

2(5 

32 

18 

.")4 

.•52 

32 

27 

til 

.•5S 

;j() 

2X 

Diikhln 


;{,s 

27 
2(t 

I'.t 

20 
2!l 

:u 
:\i 


Koni  I'l   Nadnr.i. 


—  .'ik;  — 

MkAN  (naI'iMI;    IKNSIUN)  IN   .111  I.I.IM  K'lIlES. 


Month 


.AIuivli       . 
Ai)ril 
M:.y  . .      . 
June.' 
.Inly  . . 
Aujriist 
Soi)toiiil)('i' 
October    . 


Ali'xan- 

I'oit- 

dria ' 

Said 

Cairo 

S-2 

l(f7 

7-S 

".ft; 

12-1 

S-7 

12-2 

la-'.i 

if'.t 

1;V4 

](i*i; 

irii 

17-7 

,  , 

].•!•(; 

17-4 

,  , 

14-('. 

15-!t 

14-2 

14-(i 

•• 

i;{-2 

Assiiit 


7-n 

7'7 

7- '.I 

8  "8 

]0-7 
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;••(; 
•.••7 

8-4 

8-4 

lOM) 


Wadi 

Haifa 

Karga 

T)-'.) 

4-2 

(;-2 

4-(; 

(;•■» 

.-)•(> 

7-t; 

r.Mi 

'.fU 

7-1 

iri 

t;-7 

1(1-2 

8-1 

•)••) 

8-1 

Daklila 


li'.l 

7-:5 

ii-ii 

II- 

lo- 


■> 


The  percenta<)'e  frequency  of  winds  at  Ali'Xiindriii  acrordin^-  to  tlu'ir 
directions  is  i;-ivcn  on  the  followiiii;-  tahle. 


("1875-18%)  OESKKVEn  by  M.  Pirona. 
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Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Ang. 

Stpt. 

Oct. 

Nov. 

Dw. 

N. 

k; 

in 

2.5 

25t 

41 

47 

44 

.51 

.5(; 

42 

28 

k; 

N.E. 

t; 

S 

14 

k; 

14 

<l 

1 

9 

i) 

23 

18 

11 

E. 

n 

11 

11 

11 

8 

2 

0 

? 

3 

•» 

11 

10 

S.E. 

s 

7 

i; 

7 

.•5 

0 

0 

1 

3 

4 

8 

S. 

j;{ 

10 

."> 

•  > 

■> 

0 

0 

1 

2 

13 

.S.W. 

14 

10 

(; 

•> 

1 

1 

0 

1 

9 

14 

W. 

10 

10 

(; 

i) 

4 

O 

3 

3 

1 

9 

<.i 

N.W. 

17 

23 

2'> 

24 

2.5 

M 

.50 

41 

25 

13 

u; 

11 

('mIiii     .. 

•"> 

2 

2 

;5 

2 

2 

1 

2 

3 

4 

4 

5 

Kom  el  Nadura  (1891-1 

900). 

Dinr.cTioN 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Xov. 

Dec. 

N. 
N.E. 

E. 
S.E. 

S. 
S.W. 

^v. 

N.W. 

8-2 

8-2 

4-8 

10-8 

5-4 

17-2 

11) -0 

24-!) 

11-8 

11-2 

4-1 

8-0 

3-:) 

14-2 
20-8 
25 -G 

14-8 

15-2 

4-1 

10-2 

2-5 

5-2 

11-3 

35-3 

24-7 
21-G 
5-2 
7-0 
0-4 
1-4 

;i-4 

28-4 

25-2 

10-i» 
0-1 
0-.3 
7-7 

35-2 

.3r>-4 

9-4 
0-7 

0-8 

4-i 
48-5 

20-1) 
0-1 

0-2 

t;-:i 

Ct(i'2 

30-2 
0-C 

i-8 
(;7-2 

44-1 
i)-7 
1-4 
0-8 
0-4 
0-2 

2-t; 

40-8 

3(;-t; 

.30-2 
1-4 
3-0 
1-0 
0-3 
4-3 

23-1 

.30-5 

20 -t; 
4-1 
5-8 
1-5 

7-0 
7-5 

23-0 

10-3 

11-8 

7-2 

8-15 

5-2 

21-0 

15 -i; 

ll»-7 

Calm    ..      1-.5 

0-4 

1-3 

0-3 

•• 

•• 

•• 

o-i; 
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Hydrography. —  1  lir  apex  (  1'  tlu' Delta  is  now  at  tliC  Delta  liarrajiO 
where  tlie  river  liit'iircates  to  form  the  Kosetta  and  Damietta  branches, 
l)iit  it  has  heen  su^o-ested  that  in  earlier  times  it  lav  further  to  the 
south.  The  evidence  on  this  j)oint  is  somewhat  contradictory  but  it 
seems  ])robal)Ie  tiiat  when  the  Tanitic  and  Pehisiac  branches  were 
important,  the  arm  which  siipphed  them  was  a  larjre  one  and  the 
point  where  it  left  the  main  stream,  about  7  kilometres  below  Cain t, 
was  sometimes  descril)ed  as  the  point  of  the  Delta. 

Slopp  of  the  Delta.  ' — The  slope  of  the  surface  of  the  Delta  and 
the  river  bed  is  given  in  the  following  table: — 

Rosetta  Branch. 


IlistaiKf  from 
lielta  Barrage 

Ti^)  of  Baiitv 

Flood  level 

Ground  level 

Bed  level 

Kl.iod  >lo|)e 

kilometres 

metres 

metres 

metres 

iiietitrs 

1   Ini'li 

(» 

r.C(H) 

is-(i;5 

i(;-42 

;i-(i 

) 

2t) 

is-oi 

i(;-7.") 

i:)-(i2 

7-S 

12.7<«i 

90 

17  mm; 

1;V1() 

i;i-(i(i 

i;-(i 

60 

l.VOd 

i;5-2(i 

12-17 

.•'.-2 

1 

80 

13-48 

12-2:. 

i(i-;{i 

. , 

12,S(K» 

UK) 

12-74 

10-2(1 

s-r.i 

Z- 

1 

120 

10- (',(1 

'.i-;5() 

7-;{(» 

— 

) 

it;.7iKi 

140 

8 -tin 

7-7.^ 

(;-2o 

*        £ 

1 

ItIO 

7-42 

t;-4(» 

4-12 

c       ■'■ 

1 

180 

(■,-o;t 

.i-OO 

.•5-0.5 

> 

12.2110 

200 

4-o;! 

.■$-10 

i-r)2 

i. 

J 

220 

2-77 

1 -.-)(! 

U-4.S 

J       ^ 

l(),(H>ll 

The  seven  innuths  of  tlie  Xile  meiitione(l  ])v  the  Greek  authors 


are :- 


Approximate  modern 

Name 

Entered  the  sea 

representative 

I. 

— ( 'anO})ie 

Near  Alnikir 

11. 

— Bolliitic       . .      . . 

at  Kosetta         

Rosetta  braiicii. 

III. 

— Sebennytie. . 

across  lake  Borollos 

Balir  Tirali  ami   Baiir  el 
Shibin. 

1\' 

— Pliatnitie    ..      .. 

at  Damietta      

Damietta  braneli. 

\ 

— Meiidesian  . . 

across  lak<'  Mon/.ala 

Bahr  el  Saohir. 

IV. 

—Tanitic 

Bahr  'Wwz. 

IIV. 

—  Pclusiac 

by  Pcliisiiuii   east  of  Port 

Sai.l       

Bahr  el  Bapar. 

I  ■•  E^'vptiaii  Irrigation."  p.  43.  and    ■  The  Nile  in  1W4."  p.  ."■). 
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In  :ill  periods  tlic  in-iiicipiil  towns  will  linvf  hcen  sitnatcd  on  the 
krfrer  arms  and  if  it  were  possible  to  locate  their  sites  at  diffeicnt 
periods  durinj;-  past  centuries,  we  ini<ilit  thereby  trace  to  !<ome  extent 
the  line  of  the  water  channels  which  supi)lie(l  their  inhabitants  with 
water  and  served  as  the  means  of  communication  with  other  towns 
and  districts. 

But  the  position  of  iIksc  (jM  ii\er  li:incli(s  is  (  nlv  ajiproxin.alelv 
known  and  mucli  archaolojiical  work  remains  to  be  done  in  the  iden- 
tification of  the  towns  of  I'.Vyptian,  (ireek  and  Roman  times  with  the 
mounds  which  exist  to-day  and  sjiow  where  formerly  ])opulous  centres 
stood. 

Even  then,  channels  will  have  frequently  })een  modified  by  branches 
developing-  more  rapidly  than  the  main  stream.  ])y  cross-cuts  beinj^- 
formed  in  hi;>ii  floods,  by  the  natural  or  artificial  retaining- banks 
being;  breached  and  new  channels  scoured  out  l)\  the  escapinf>'  fio(jd. 
Hoorarth  '  indicates  several  ancient  arms  liy  means  of  sites  determined 
near  them.  The  present  Balir  Tirah,  with  the  Bahr  Shibin  for  its 
upper  reach,  flowed  apparently  as  the  Athribitic  Nile  to  reach  the  sea 
somewhat  to  the  east  of  the  present  lake  of  Borollos,  while  the  Bahr 
Nashart  represents  another  which  he  considers  as  the  lower  portion  of 
the  Pharnnithiac  Nile.  I'ut  until  enou<ih  evidence  has  been  collected 
and  has  been  critically  examined  it  is  waste  labour  to  speculate  on  the 
position  of  the  old  channels  in  the  central  and  southern  ])art  of  the 
delta.  At  all  times  a  network  of  rivers  intersected  it,  and  the  annual 
flood  with  its  load  of  suspended  material  must  ha\e  frequently  modifieil 
the  relative  importance  of  the  different  chamiels.  The  meandering' 
course  fcjllowed  by  many  of  the  canals  and  drains  of  to-day  jjuint  to 
their  having'  ori<>'inally  been  natural  cliaiiuels  which  lia\e  been  utili/.<'il 
in  the  present  irrij^ation  system. 

Considerable  alteration  in  the  Icnver  reaches  of  these  arms  and  their 
subsidiary  chamiels  was  caused  wlien  tlie  depression  of  the  northern 
edge  of  the  DeltiX  took  place,  which  occurred  in  post-Roman  times,  as 
is  proved  by  rock-tombs  on  the  shore  at  Alexandria  which  are  now 
l)el()w  sea-level.  The  question  of  this  de])ression  of  the  shore-line 
merits  a  detailed  investigation  and  it  would  be  of  special  importance 
to  determine  whether  it  reached  its  greatest  amount  in  the  west  and 
was  less  in  the  eastern  jjortion  as  seems  prob;ible.  Besides  the  silting 
up  of  the  ancient  river  arm.  \a  hieli  de|  osited  Nile  alluvium  in  the 
Wadi  Tumilat  as  far  as    Ismnilia   but  which    is   unknown   as  a  natural 

'  .liMiniiil  i.f  Uolleiiir  Studies,  vol.  XXI\'.  \'.i->i. 
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chuniiel  in  historic  times,  there  seems  to  have  been  a  <i:ra(liial  d\viiidliii<i" 
of  the  eastern  branches,  and  a  development  of  the  western  ones,  which 
it  is  tem2)ting  to  connect  with  a  rise  of  tlie  land  to  tiie  eastward;  of 
this  there  is  clear  evidence  in  the  Gulf  of  Suez  l)nt  nearer  the  deltji 
evidence  is  scarce.  The  precise  levellinjj  now  in  projiTcss  will  furnish 
a  means  for  determining'  after  the  hqise  of  some  years  whether  anv 
slow  movement  is  now  in  projj^ress  and  the  question  is  a  very  impor- 
tant one  since  a  very  slight  chanjic  of  level  would  greatly  alter  the 
conditions  of  a  large  area  of  lowdying  land  near  the  lakes  of  Menzala 
and  P)oroll(js.  The  foiMuation  of  luimerous  salines  to  the  south  of  Ras 
Gharib  in  the  Gulf  of  Suez  appears  to  show  that  an  upward  movement 
is  or  very  recently  has  b(>en  in  pi-ogi'ess  there. 

The  con^■ersion  of  swampy  or  Hooded  areas  into  culti\able  land  has 
proceeded  of  late  years  with  great  rapidity  as  a  result  of  the  immense 
amount  of  work  which  has  Ijcen  done  in  improving  and  developing 
the  drainage  of  this  part  of  Eg\pt.  In  the  province  of  Beheira, 
which  lit's  to  the  west  of  the  liosettii  Branch  of  the  Nile,  it  is  possible 
to  obtain  a  fairly  accurate  idea  of  the  rate  at  which  this  transformation 
has  progressed  of  late  by  comjiiU'ing  the  maps  mIucIi  were  pivjwred  in 
1892  on  the  scale  of  1  :  10,000  with  these  of  the  revision  which  was 
made  in  1903-4.  In  the  earlier  maps  of  1892  a  total  area  of  480 
square  kilometres  was  recorded  as  being  either  ojsen  sheets  of  water 
or  permanent  marslies,  but  on  those  of  1903  onlv  23.t  square  kilometres 
fall  inider  this  category.  The  remainder  has  by  drainage  been  converted 
into  dry  land,  and  already  passed  under  cultivation  to  a  greater  or  less 
extent. 

In  many  places  still  narrow  depressions  of  ii-regular  shape  show 
Avhere  once  a  branch  of  the  river  meandei-ed  through  the  low  gfround 
and  often  finally  ended  in  a  wid(>  area  of  marsh  which  in  the  flood 
seas(Mi  was  an  expanse  of  open  water. 
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CIIAPTEK  X. 

The   N'ahiatiux  ok   tiik  Nii,e  Fluvd. 

The  most  important  as  well  as  the  most  striking  phenomenon  of 
the  Nile  Basin  is  the  annual  flood  which  pours  down  from  the  Abyssi- 
nian tableland  in  .Inly,  August  and  September,  supi)lying  for  some 
time  a  greater  volume  than  can  be  utilized  on  the  cultivated 
valley  plains  and  carrying  with  it  the  silt  which,  wherever  tleposited, 
forms  a  soil  of  the  greatest  fertility.  The  river  supply,  which  in  May 
and  June  had  dwindled  in  Egypt  to  tliat  which  was  insufHcient  for 
the  wants  of  the  population  of  the  Nile  banks,  n<;w  increases  rapidly 
filling  all  canals  and  flooding  nuich  of  the  flood-plains  on  which  the 
silt  is  deposited.  We  have  seen  that  fi-oni  the  earliest  times  tlie 
iieight  of  the  Nile  flood  was  annually  recorded  as  the  most  important 
event  of  the  Egyptian  year,  and  such  it  still  continues  to  be,  though 
in  consequence  of  the  increase  of  perennial  irrigation  at  the  expense 
of  basin  or  flood  irrigation,  the  volume  of  water  in  the  river  at  the 
lower  stages,  January  to  Jidy,  has  now  a  greatly  increased  importance. 

In  this  chapter  will  be  considered  the  variation  in  the  volume  of  the 
Nile  flood  from  year  to  year,  in  which  no  regular  periodicity  has  been 
found  though  frequently  asserted  to  exist.'  Next  the  meteorological 
conditions  wliicii  seem  to  exercise  a  controlling  or  modifying  influence 
on  the  southerly  monsun  of  East  and  Central  Africa  will  be  indicated,' 
since  by  a  study  of  these  it  maybe  possible  to  estimate  the  probable 
weakness  or  abundance  of  the  rain  on  the  Abyssinian  tableland  for  a 
few  weeks  in  advance.  Without  going  S(j  far  as  forecasting  in  the 
earh-  summer  that  a  good,  moderate,  or  poor  Nile  Hood  is  to  be 
expected,  a  stiite  of  precision  which  will  not  be  reached  for  many 
vears  to  come,  there  is  a  very  reasonable  probability  that  u  good 
(istimate  can  be  formed  of  the  Abyssinian  rainfall  for  some  15  or  20 
davs  in  advance,  and  as  experience  is  gained  it  may  be  possible  to 
give  longer   notice  than  this. 

This  has  been    done   tentativelv    f<>r   the  Hood  seasons  of  1!I04  and 


'  Mainly  taken  (by  Uie  kind  pi'rMii>siiin  of  tlif  riiuiHil)  fmin  n  |i:i|H'r  nwd  l)efi)re  (he  UescNirili 
l>i'|iartnii>nt  of  the  Koyal  (ieographic.il  Society,     lieog.  Jour.  Sept.,  Oct.,  I'Jllj. 

'  Taken  by  tlie  kinil  permission  of  tlie  Council  of  the  Royal  Society  from  a  paper  on  '•'J'lie 
Uehition  between  variations  of  Atmospheric  Pressure  in  North-Kast  Africa  ami  the  Nile  Flood" 
I'roc.  Koy.  Soc.  Vol.  A.  7C^  1905.  p.  (IG-Sli. 
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1905  with  coiisidenihle  su'Tess,  but  it  imist  be  adiuitled  that  in  both 
these  years,  tlie  iiieteoroldgical  conditions  were  niarkedl\-  unfavourable 
to  lieavy  rainfall  and  remained  steadily  no  throughout  the  summer  ; 
in  years  when  more  variations  occur  it  will  be  more  difKcult  to  draw 
reliable  conclusions. 

in  the  first  place,  by  watching  the  northward  extension  of  the  rain- 
belt  in  the  months  of  March  and  April  over  East  Africa,  Uganda 
and  the  southern  Sudan  it  it  not  difficult  to  estimate  whether  the  early- 
rains  on  the  southern  part  of  the  Aliyssinian  plateau  will  be  late  or 
earl}',  and  some  idea  can  usually  be  obtained  of  their  strength  or 
weakness  by  noting  the  amounts  measured  at  stations  on  the  liahr 
el  Jebel  and  the  upper  White  Nile,  as  well  as  by  the  first  indications 
of  the  rise  of  the  Sobat.  Once  the  rains  have  set  in  over  Abvssinia 
it  appears  to  be  mainly  the  conditions  of  atmospheric  pressure  over 
the  region  of  north-east  Africa  which  mcxlify  to  an  important  extent 
the  monsun  currents  which  bring  the  moisture  collected  from  the 
waters  of  the  south  Indian  Ocean,  while  subequatorial  rainfall  in  the 
early  summer  seems  also  to  play  its  part. 

The  variation  of  the  flood.  — It  is  the  regularity  of  the  annual 
rise  and  fall,  and  variation  of  tlie  volinne  of  the  Nile  Hood  from  year 
to  year  which  may  be  said  to  ba  the  most  striking  features  of  the  Nile 
regimen.  A  promise  of  a  plentiful  flood  mav  be  unfulfilled,  and  a 
ileficiency  in  the  early  months  of  the  rise  is  some  times  followed  bv  an 
excessive  su])ply  in  the  autumn  ;  at  one  period  high  and  low  floods 
seem  to  alternate,  at  another  year  after  year  of  low  Hoods  jjrevent  all 
cultivation  of  high  land,  or  a  series  of  good  Hoods  enables  all  parts  to 
be  irrigated  with  case. 

The  narrow  margin,  4  cubits  or  about  2  metres,  which  exists 
between  a  bad  and  a  good  Nile  Hood  has  been  noticed  b\  all  wi-iters 
on  Egypt  and  the  Nile  from  the  time  of  Herodotus.'  This  small 
range  of  the  Hood  level  and  the  great  regularity  with  which  the  rise 
takes  place  from  year  to  year,  with  a  ditt'ercnce  of  a  few  da\s  onl\-. 
are  features  in  the  regimen  of  the  river  the  cause  of  which  is  not 
difHcult  to  trace  in  the  geography  and  the  climate  of  the  Blue  Nile 
l)asin.  The  rirht  is  due,  partly,  to  the  long  1500  kilometres  reach  of 
the  river  from  Berber  northwards  without  a  single  tril)utarv,  in  whicii 
the  sudden  rises  in  the  higher  reaches  are  gradually  lost  in  the  stead\' 
Hood  rise,    and  partly    because    all    the  tributary    streams  take    their 


•  Herodotus.  Kk.  II,  i:!. 


rise  oil  the  Abyssinian  plateau  and  are  ted  In  a  short,  heavv  rainfall 
of  about  1000  millimetres  in  four  months,  as  an  averajfe  value. 

The  majority  of  larjj^e  rivers  are  supplied  l)ya  net-work  of  tributary 
streams  which  extend  far  throufiiiout  the  basin  where,  probably, 
different  climatic  conditions  or  ji'eofiraphical  features,  sucii  as  mountain 
ranjifes,  affect  the  rainfall  so  as  to  j)roduce  the  <rreatest  precipitation  at 
different  seasons  in  different  parts  of  the  basin.  Thus  it  often  happens 
that  the  rise  of  a  great  river  is  due  normally  to  rainfall  over  a  portion 
only  of  its  basin,  and  when  exceptional  rainfall  takes  ))lace  over  other 
portions  at  the  same  season,  different  tributaries,  which  usually  rise 
in  fiood  successively,  will  be  in  flood  at  the  same  time,  and  so  cause 
destructive  inundations.' 

As  has  been  seen,  the  White  Nile  contril)utes  but  a  feeble  (luantity 
to  the  flood  since  its  waters  are  ponded  back  b\'  those  of  the  rapidly 
rising  Blue  Nile.  In  the  Blue  Nile  basin  all  the  tributaries  rise  in  May 
or  June,  are  at  their  maximum  at  the  end  of  August  or  early  in  Sept- 
ember, and  then  fall  rapidly.  This  is  because  thev  all  drain  a  compara- 
tively small  area  which  lias  a  sliar})ly  defined  raiiiv  season.  The  same 
applies  to  the  Atbara  which  drains  tlie  northern  part  of  Abyssinia  and 
in  general  character  is  much  like  the  Blue  Nile,  except  that  its  basin 
has  a  shorter  rainy  season  and  a  lighter  rainfall.  Thus  the  variation 
in  volume  is  due  to  the  variation  in  tlie  run-off  of  a  single  basin  which 
is  not  an  exceptionally  large  one,  (5.")2,200  square  kilometres,  see  p.  9}. 

The  moisture-laden  air  of  the  south-east  trade  winds,  blowing  across 
the  equator  towards  the  low  pressure  area  to  the  north  of  it,  is  the 
primar\j:iUiiUi-(a£-^:he  Abyssinian  rainfall,  and  consequently  of  the  Nile 
Hood,  bejjending  on  the  annual  movement  of  the  sun  ffoui-soutk-to 
nortlrand  then  from  nortli  to  south,"  in  an  area  where  tliere  are  no 
mountain  ranges  except  the  Abyssinian  plateau  to  complicate  the  condi- 
tions, the  rains  set  in  over  the  Sudan  and  Abyssinia  Ciich  year  with 
great  regularity,  and  cease  with  equal  punctuality. 

The  secondary  causes  which  determine  tlie  variations  in  this  rainfall, 
and  consequently  in  the  Nile  flood  from  year  to  year,  are  not  so 
appaifciit.  There  are  probably  several  of  them  which  act  with  m<jre 
or  less  effect  in  different  years  under  the  varying  meteorological  con- 
ditions existing  over  Africa  and  the  Indian  Ocean,  but  uj)  to  the 
present  one  of  the  most  lmport<uit  seems  to  be  the  variation  of  the 
atmospheric  pressure  over  north-eastern  Africa. 

In  a  previous  chapter  the  principal  features  of  the  annual  flood   of 
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the  Bine  Nile  ami  the  Atbara  have  been  set  t'oftli,  while  the  rcconls  of 
the  heights  ivached  by  those  ol' past  years  have  been  kept  iit  Aswan 
and  Cairo  willi  considerable  care.  It'  there  should  lie  any  regular 
alternation  of:  high  and  low  floods  of  moderately  short  period  these  data 
should  sliow  some  trace  of  it,  ami  it  should  be  fairly  well  marked  to  be 
of  any  practical  value  in  anticipating  the  character  of  a  coming  flood. 
Nile  Gauifc  Records. — The  data  available  for  a  discussion  of  the  Nile 
floods  are  not  inconsiflerable,  but  the  greater  part  of  them  are,  unfortu- 
nately, of  very  unequal  value  on  account  of  the  irregularity  of  tl>e 
readinirs  at  the  Koda  nilometer.  '  and  of  the  falsification  of  its  lecords, 
which  is  stated  to  have  taken  ])]ac^!  in  earlier  times  in  order  to  increase 
the  revenue.     They  may  be  sunnnariscd  as  billows: — 

1.  Headings  of  the  Roda   nilon)eter  from  700  a.u.  to   1!)05,  l)ut  the 

rcading>   For   many  years  are  missing  -  (see  p.         )  and  since 

the  Delta  Uarraii'e  has  been  in  use  the  low-stage  r^'adings  have 

been  affected  by  the  artificially  raised  water-level. 

i.  Headings  of  the  Nile  gauge  at    the    Delta  Barrage   from    ISK! 

to  1878  (see  p.       ). 
o.   Readings  of  the  Nile  gauge  at  Aswan  from  18()S)  to  the  present 

time  (see  p.  281)). 
4.   Readings  of  the  Nile  gauge  at   Wadi  Haifa  from  danuary,  1890, 

to  the  i)resent  time  (see  p.  282). 
.").   Readings  of  the  Khartoum   Nile  gauge  from  ISCil)  to  lss;i,  and 

from  1!»00  to  the  present  time  (see  }>.  2()1). 
The  Aswan  series  of  gauge-readings  is  the  most  coin[)lete,  and  will 
be  used  as  the  l)asis  of  this  discussion.  At  the  present  time  it  may  be 
considered  that  the  Aswan  dam,  though  its  ojieu  sluices  admit  as  free 
a  passage  of  the  flood- waters  as  possible,  affects  the  old  gauge,  which  is 
some  5  kilometres  down-stream  of  it,  and  renders  com]»arisons  between 
readings  at  the  present  and  those  [)revions  to  l!M)l  unsatisfactory; 
but  the  gauge  at  Wadi  Haifa  has  l)een  in  existence  since  1890.  and 
can  therefore   be   lI^ed   to  confirm  and  com])lcte  the  Aswan  records. 

The  Aswan  and  Haifa  gauges  have  a  great  advantage  over  those 
situated  lower  down  the  river,  in  that  the  whole  flood  of  the  river  must 
pass  in  the  rivi'r-channel  at  these  points.  Lower  down  the  valley  the 
flood-level  of  the  river  rises  above  the  level  of  the  country,  and  in 
years  of  high  flood  the  embankments  which  should  retain  the  water  in 
their  bed  may  be  breached  ;  thus  a  lower  gauge-reading  will  be  recorded 
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Til  the  vicinity  than  it'  tlu-  whole  ticiud  has  l)een  eoiitiiied  to  the  river- 
chaiiiiel.  Also  the  normal  Hooding  of  the  cultivated  lands  above  Cairo 
takes  a  large  auiount  of  water  from  the  river  at  the  time  of  highest 
flood,  so  that  the  maximum  range  of  the  flood  is  not  as  high  in  the 
years  when  the  Roda  or  Delta  Barrage  gauges  have  to  be  used  as  if 
only  Aswan  or  ^^'adi  Haifa  readings  eould  be  employed.  Since, 
however,  the  Aswan  readinji's  are  available  from  18()i>  oiilv,  it  is 
necessary  to  employ  those  of  the  Roda  gauge  at  (.'airo  fi-om  lS2o  to 
1870;  before  this  there  is  a  period  of  twenty-four  years  for  which 
there  are  no  records. 

Therefore,  by  utilizing  the  Roda  gauge-readings  from  lH2b  to  1872, 
and  tlie  Aswan  gauge-readings  from  1869  to  1902,  and  the  Wadi  Haifa 
gauge  for  any  subsequent  years,  we  have  a  series  of  nmxiniuni  readings 
of  the  Nile  flood  for  80  years,  which  are  very  fairly  accurate,  since  for 
almost  every  year  there  was  another  gauge  which  was  simultaneouslv 
recordinji  the  river-levels: — 


IVridd 

Giiuge 

Verified  by 

1825-1845 
IS4(;-1<S72 

i.s(;;i-i:io2 

18;)(T-li)()4 

Ho.hi 

l{o(la 

Aswan 

Wiuli   llalla      .. 

Barker,  Holroyil,  Bowrin^r,   Cuizoii,  etc. 
l\>lta  Barniii:c  ^aiiL'o. 
Rodii,  l^avniyc,  and  other  gauges. 
Aswan  and  many  other  {jaugei'. 

Tlie>e  maxima  may  be  graphically  represented  bv  plotting  them 
as  differences  from  the  mean  value  of  the  series,  as  has  been  done  in 
Plate  XLIII. 

Gauge-readings  furnish  only  the  level  of  tlu'  water  siu-face  from 
day  to  day,  and  not  the  volume  of  the  water  flowing  past,  which  is 
really  required.  At  Aswan  a  number  of  discharges  were  measured  and 
a  discharge-table  comiiuted,  by  which  the  volume  flowing  past  tliat 
point  at  any  given  reading  of  the  gauge  could  be  determined.'  At 
Khartoum  on  the  Blue  Nile,  and  at  Ducini  on  the  AVhite  Kile,  and  on 
the  Atbara  discharges  have  been  measured  in  1902  and  lilOo,  from 
which  the  \()lume  of  the  floods  of  these  years  can  be  calculated  with 
fair  accuracy  ;  these  have  been  already  discussed. 

The  volume  dischargi'  1  l)y  the  Xile  in  flood  represents  the  surface 
run-off  of  the  rainfall  of  the  catchment  basin,  while  that  of  the  rest  of 
the  vear  is  due  to  what  lias  percolated  into  the  ground  and  fed  the 
springs;  it  is,  therefore,  the  volume  discharged   by  the  river  in  flood 
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wliicli  should  Ijp  used  in  CDuqiariii^i-  the  Hoods  of  difFcrciit  years,  iiiid  tlio 
hiaxiinuni  gauge-readings  ut'  different  yenrs  do  nut  accurately  represent 
this.     As,  however,  it  will  be   necessary  to  discuss  as  lung  a  series  of 
Hoods  as  possible  to  see  i£  they  show  any  trace  of  periodicity,  whether 
a  group  of  veju's  of  low  Hood  is  Followed  by   a  group  of  years  of  high 
Hood,  -with  any  regularity,  it  will  be  necessary  before  ISG'J  to  employ 
the  records  (jf  the  Koda  nilonieter  or  those  taken  at  the  Delta  Barrage. 
When  discharge  observations  are  not  available,  the  Hoods  of  various 
years  am  be  represented  in    tlie  following  manner,    which    is  more 
accurate  than  the  maximum  gauge-readings  if  daily  readings  have  Ijeen 
taken.     Five-day  means'  of  the  i-eadings  are  taken  for  each  year,  and 
the  average  reading  of  each  fi\e-day  period  for  all  the  years  is  taken  ; 
then  the  difference  between   a  five-day  mean  of  any  year  and  for  the 
mean  for  the  corresponding  perio(l  of  the  series  of  years  will  show  when 
the  Hood  is  above  or  I)elow  the  a\erage  for  each  such  five-day  pericxl. 
The  sum  of  these  differences  furnishes  a  good  means  of  comparing  the 
different  floods,  though   it  is   inferior  to  actual  measurements  of  the 
discharge,  since  by  using  the  sum  of  these  differences  it  is  assumed  that 
the  discharge  increases  in  <lirect  proportion   to  the  rise  of  the  gauge, 
whereas  the  discharge  increases  more  rapidly,  and  a  O'lO  metre  rise  at 
flood  stage  corresponds  to  a  larger  volume  of  water  passing  than  a  rise 
of  the  same  amount  at  a  lower  stage  of  the  river,  while  a  gauge  reading 
on  a  rising  stage  represents  a  larger  discharge  than  the  same  reading 
on  a  falUng  stage. 

It  is  howe\er,  necessary  to  employ  the  maxinnuu  reading  as  a  basis 
of  comparison  between  the  floods  of  different  years  before  18G9,  and 
if  the  relation  between  the  floods  of  the  years  1869-1902  be  examined 
as  shown  by: — 

(ii)   The  volume  of  water  discharged  between  duly  1  ami  October  31, 
(fi)  The  sum  of  the  differences  between  the  Hve-day  means  and  the 
average  five-day  mean  between  duly  land  October  31, 

(<■)  The  maxinuun  gauge-readings, 
it  will  be  found  that  the  curves  representing  the  relative  magnitudes 
of  thirty-four  Nile  floods  at  Aswan  according  to  the  three  methods 
above  described  closelv  follow  each  other.  Taking  the  (■ur\e  of  the 
"volumes  discharged"  as  the  most  accurate,  the  curve  of  "differences 
from  mean  gauge'*  follow  it  closely,  being  sometimes  slightly  above  it, 
at  other   times  slightlv   l)elow   it.      The   agreenjent   of   the  curve  of 
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'' iiiaxiimiiii  i:;niue-reii(lin<>s'' is  less  satisfactory,  as  would  l)e  expected; 
tlitiii'rli  it  iisiiallv  ayrees  fairlv  well,  on  one  or  two  occasions  it  diRVrs 
markedly  ;  for  instiuice,  in  1X81,  1X82,  and  in  189(5.  However  it 
may  be  claimed  that,  for  the  ])iirpose  of  the  present  investigation,  tin- 
curves  of  "differences  from  mean  jrauge''  may  fairly  be  used  as  a 
close  aitproximation  to  the  volume  discharged  for  })laces  such  as  Wadi 
Haifa  and  Khartoum  18G9-1880,  where  daily  readings  for  a  series  of 
years  are  available,  while  tiic  curve  of  niaxinunn  gauge-readings  will 
reproduce  generally  the  shaj)c  of  "volume  discharged"  curve,  though 
occasionally  diverging  from  it  to  some  extent.  It  is  tlie  "maxiniuiu 
reiiding"  curve  alone  wliich  is  available  for  Koda  and  the  Deltii  liarragt' 
observations. 

We  therefore  possess  fairly  reliable  records  of  the  niaxinunn  readings 
(^f  the  Nile  floods  for  eighty  years  past.  As  far  as  184G  these  records 
can  be  controlled  In'  the  records  of  other  gauges,  and  before  that  date 
the  contemporary  evidence  of  travellers  and  residents  enables  us  to 
verifv  several  of  the  more  imj)ortant  years.  These  data  should  show 
some  signs  of  an  alternating  series  of  high  and  low  Hoods,  that  is  of  a 
periodicitv  in  the  Hoods,  if  such  does  exist.  Briickner  has  shown  a 
periodicity  in  rainfall  of  thirty-five  years  from  niaxinunn  to  maxinnun, 
which  he  traces  generally  throughonr  the  continental  areas  of  tiie  world, 
and  which  might  be  exi)ected  to  aj)[)ear  here  also. 

In  examining  the  Nile  floods  records  for  traces  of  periodicity,  it  uuist 
be  remembered  that  it  is  the  variation  of  the  Abyssinian  rainfall  whicii 
is  really  being  discussed,  and  the  flood  is  used  as  being  a  convenient 
expression  for  the  run -off,  which  is  assumed  to  bear  a  fairly  constant 
proportion  each  vear  to  the  rainfall,  though  this  is  not  strictly  true. 
In  years  of  heavy  rainfall  the  ratio  of  run-oft'  to  rainfall  will  be  higher, 
and  in  a  year  of  drought  it  will  be  lower,  than  in  a  normal  year. 

In  seeking  for  evidence  of  periodicity  in  a  long  series  of  observations 
it  may  be  heljiful  to  eliminate  as  far  as  possible  small  accidental  varia- 
tions which  may  otherwise  hide  the  periodical  variations.  This  is 
conveniently  done  by  taking  successively  the  means  of  groups  of  five 
years,  and  then  comparing  these  mean  values.  For  studying  tlie  effect 
of  varviiiff  meteorolo<>:ical  conditions  the  \earlv  values  are  necessarv,  and 
in  the  tables  of  the  vol  tune  discharged  at  Aswan,  and  the  maximum 
gauge  residings  at  l\oda  and  the  Barrage  both  the  yearly  vi^ues  and  the 
five  year  means  are  given  ;  the  former  being  more  useful  in  studying 
the  effect  of  the  meteorological  conditions  and  the  possibility  of 
prediction,  while  tlie  latter  concerns  the  question  of  periodicity. 

On  plate  XLIII  the  Nile  floods  for  the  78  years  1825-19U3areslio\vn 
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as  well  as  an  earlier  series  of  (J4  years  from  17))7  to  INOO.  l\>  to  1X72 
the  variation  of  the  iiiaxinmin  readiui;'  of  the  Koda  <rau<re  from  the 
mean  '  is  plotted  on  the  scnlc  of  I  :  I'O,  l)nt  from  I  NOr*  to  1903- the 
variation  of  the  \(ihmie  diseharjred  in  eaeh  year's  Mood  from  the  mean 
vahie  for  the  r,'2  vears  l<S()!)-lilOl'  is  plotted  onthe  sraleof  1  centimetre 
to  :iOO  millions  of  cnhie  metres.  Over  this  record  of  the  yearly  flood 
is  plotted  the  curve  of  the  five-year  means, '  the  mean  \alue  for  each 
live-year  grouj)  being'  ])lotted  under  tlir  middle  year  of  the  group.* 

In  the  first  place,  the  more  relialjle  series  18:^')-1908  will  be  examined, 
for  any  sign  of  a  regular  alternation  of  groups  of  high  and  low  floods 
will  have  a  greater  value  here  than  in  the  older  series,  being  obtained 
from  more  reliable  ilata.  The  fi\e-vear  mean  curve  shows  a  certain 
alteratit)n  ;  low  periods  occur  as  follows  : — 

Duration.         Iiiti'ivening  period. 

lcS:ill-1848  19  years 

185C-1860  4      „ 

1881-1888  7      „ 

1897-1902  .")      „ 


8  yeans. 
21      „ 

9  „ 


But  these  intervening  high-Hood  periods  are  broken  by  groups  of 
years  which  reduce  the  curve  to  the  normal  line,  as  in  1<S48-4G,  18.':5-5G, 
and  l.S(]7.  To  tiike  the  Aswan  observations  1869-1903  alone,  an  appa- 
rent jjcriodicity  of  abcnit  seventeen  years  from  maximum  to  maximum 
occurs,  but  in  the  preceding  vears  no  trace  of  such  pei'iod  is  to  be  found. 

Fritz,''  when  discussing  the  Koda  series  1825-1872  and  the  Delta 
Jiarrage  series  from  184(5-1878,  believed  that  a  relation  could  be  made 
out  between  the  high  and  low  Nile  floods  and  the  maxima  and  minima 
of  the  sunspot  curve,  and  Waite"  has  recently  maintiiined  the  same. 
On  Plate  XLIII  the  sunspot  curve  has  been  plotted  from  the 
numbers  given  In'  Wolfer,"  but  it  does  not  appear  to  bear  any  definite 
relation  to  eitluu-  the  five-year  curve  or  the  yearly  flood  curve ;  tlie 
maximum  of  1837  ccjiucided  with  a  group  of  pai'ticularlv  low  floods, 
that  of  1S4()  with  a  high-flood  period.  In  18()0  the  sunspot  maximum 
occurred  just  before  the  high  floods  of  1860  and  18()1,  and  after  the 
low  years  of  1N.J7-.")'.) ;  the  low  sunspot  maximum  of  1883  occurred  at 
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the  time  of  a  group  of  low  Hoods,  and  the  improved  Nile  siipph  came 
ill  1S.S7,  1889  and  1890,  when  the  sunspots  Avere  at  minimum.  What- 
ever connection  may  finally  be  worked  out  l)et\veen  sunspots  and 
meteorological  phenomena,  it  seems  clear  that  the  Abyssinian  rainfall 
is  due  to  the  combined  effect  of  causes  which  usualh-  prevent  any 
coincidence  between  high  and  low  Hoods  and  the  maxima  and  minima 
of  the  sunspots  wliich  may  exist,  from  being  recognized,  and  to  predict 
imjiroved  floods  on  the  basis  of  an  ajiproaching  suiispot  maximum 
seems  to  be  going  further  than  tlie  evidence  warrants. 

In  1900,  Sir  X.  Lockyer  F.  K.  S.  and  Dr.  W.  Lockyi'r'  discussed 
periodical  pulses  of  rainfall,  which  they  distinguished  as  +  and  — pulses 
connected  with  +  aiid  — lieat  ))ulses  of  the  solar  weather  cycle. 

As  a  result  of  an  examination  of  the  spectra  of  sunspots  and  of  the 
rainfall  of  India  and  Mauritius,  they  concluded  that  India  has  two 
l)ulses  of  rainfall,  the  one  near  the  maximum  and  the  other  near  the 
minimum  of  the  sunspot  period,  and  that  the  dates  of  the  beginning  of 
these  two  pulses  are  related  to  sudden  changes  in  widened  lines  of  the 
sfjcctra.  The  famines  of  India  for  the  last  half-century  were  found  to 
occur  in  the  intervals  between  these  pulses,  and  the  lowest  Nile  floods 
between  1849  and  1878  are  said  to  have  occurred  between  the  same 
intervals.     Tiiese  pulses  are  given  as  follows  : — 

—   I'iilse.  M>.;ui  i-oiiilitiiiii.  +    I'nlse. 


IS77-S() 

J8S1 

188C.-7 
1888-91 

LS'.M-:.' 


1870-5 


1882-C 


1802 


According  to  this  view,  tlien,  low  Nile  floods  should  predominate; 
about  1869,  1876,  1881,  1887  and  1892,  while  high  floods  should 
follow  the  years  of  the  +  and  —  pulses.  They  deal  briefly  with  some  of 
the  Nile  floods  in  this  paper,  pointing  out  that  "the  highest  Niles 
follow  the  years  of  the -fund  — pulses." 

1871     flood,  1  year  after  the  +  pulse  of  1870. 

187(i        ,,      2  „  subsidiary   pulse   of    1874. 

1879        .,      2  „  ..  „  1877. 

1883-4    ,.       1  and  2  years  after  the  +  pulse  of  1882. 

1893-4    „      1     „     2  ■    „  „         +       „         1892. 

'   I'loc.  Roy.  Sol.,  vol.  G7.  p.  409. 
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It  does  not  seem,  tliouuii,  tliat  siicli  a  direct  and  ijiinple  relation  can 
be  made  out  for  the  Al)yssiiiian  rainfall ;  the  1K7J  flood  was  less  than 
those  of  l.S()9,  1.S70,  or  IH72,  while  1S74,  and  not  187(5,  was  the  h\<r 
flood  to  compare  with  the  pulse  of  IS7  1.  ami  1.S7.S  was  a  year  of  heavier 
rainfall  than  ]S7!».  and  particularly  a  very  late  rainfall,  extending  tar 
into  tlie  autunni  ;  ISrSH  and  1SS4  were  moderate  and  rather  low  years 
respectively.  These  discrepancies  are  mentioned  to  show  that  the 
dates  of  the  +  and  —  pulses  by  themselves  do  not  consistently  precede 
speciallv  liigh  floods,  and  therefore  this  periodicity  of  five  or  six  years 
is  not  traceable  in  the  yearly  or  five-year  Nile  curves. 

The  low  Nile  floods"  quoted  are  those  of  18.58-0,  18(;8,  1873,  1877, 
but  it  sliould  be  noticed  (see  Plate  XLIll)  that  the  floods  of  18.58-i) 
were  not  es])eciallv  low;  1S,57  was  almost  as  low  as  18.")8,  and  18.t5 
was  lower  than  either  ;  18()8  was  a  very  low  year,  but  18()4  was  almost 
as  low  ;  1873  was  a  low  flood,  and  1877  a  very  low  flood.  Turning 
to  the  other  "mean  cdndition"  \ears  wliich  should  coineide  with  low 
floods,  1881  was  a  normal  flood,  1887  Avas  a  good  flood,  though  1888 
was  a  bad  one.  and  1892  was  particularly  good.  1888  and  1899  being 
the  nearest  bad  years  to  this  date. 

It  would  seem,  therefore,  that  Egyjjt  and  Abyssinia  form  an  area  in 
which  the  meteorological  conditions  are  not  regularly  consonant  witli 
those  of  India  discussed  by  Sir  X.  Lockyer ;  at  times  agreeing  and  at 
other  times  varying  widely,  the  solar  weather  is  as  yet  an  uncertain 
guide  in  the  stuilv  of  Xile  floods. 

Turning  now  to  the  yearl\-  curve  for  the  seventy-nine  years  from 
1825  to  1903  in  Plate  XLIIl.  the  most  marked  feature  is  the  way  in 
which  the  flood  varies,  passing  from  a  value  above  the  normal  to  one 
below  it  in  almost  successive  yesirs.  It  is  this  irregularity,  this  rapid 
oscillation  of  the  curve,  which  makes  of  small  practical  value  any  argu- 
ment based  on  a  periodicitv  shown  liv  the  five-year  curve;  for  in  the 
most  reiiular  "Touij  of  low  floods,  a  hi"h  flood  inav  intrude  itself,  as 
1829  and  1834,  also  1887  ;  while  1873  and  1877  were  very  low  floods 
among  a  group  of  floods  all  much  above  the  average.  If  this  series  of 
floods  be  examined,  we  shall  see  tliar  from  182.')  to  1903  the  succession 
is  as  follows  : — 

In  seventeen  cases  a  flood  almrc  rhe  average  is  followed  by  one  hi'hnr 
the  average. 

In  eighteen  cases  a  flood  (ilmrc  the  average  is  followed  by  one  above 
the  average. 

In  twent\-onecases  a  flood  ArA"/- tlie  average  is  foUoweil  b\' one  liclmr 
the  average. 


—  m)  — 

III  sixti'cii  t':i.s('s  ;i  Hood  liclmr  ilu'  aviTa^t'  is  I'oUowed  liy  nne  iilmre 

the  average. 
Even  in  periods  when  high  oi-  low  Niles  fjreatly  predominate,  sucli  as 
lSio-lS39  or  ]S()0-1SS().  Hoods  of  opposite  character  frequently  occur, 
e.<i.  tlie  iiigli  flood  of  l.S:i!)  in  the  first  period  of  low  floods,  and  the  low 
floods  of  I.S(i4.  lS(i!»,  and  1S77  in  tiie  hiuh  flood  period  of  ISdO-lSSU. 
In  these  seventy-eiu'iit  years — 

2  successive  ye;irs  ahove  the  avera<;e  occur  tln-ee  times. 
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of  which  the  last  two  j^roups  helonij  to  the  low-flood  periods  of  lS2r»- 
1839  and  1899-li)n3. 

Since  the  Nile  flood  is  the  direct  result  of  the  June- September  rainfall 
on  the  Abyssinian  tableland,  the  rains  and  the  metcoroloirical  conditions 
which  determine  them  must  be  subject  to  a  similar  osciliatiim  to  tiiat 
whi<-h  is  so  markedly  shown  in  the  flood  diaurams.  Essentially  the 
succession  of  Nile  floods  for  the  last  eifjfhtv  years  is  an  oscillation 
between  floods  above  the  average  and  floods  below  the  averaue.  and 
the  same  thinji"  is  seen  in  the  series  from  1737  to  bSUU,  thoufi'li  the  ran<i"e 
of  the  oscillation  is  not  so  laro-e  if  the  observations  can  be  relied  on. 

The  long  series  of  years  following  173(S  in  wliich  the  Xilc  flood  was 
almost  invariably  good  is  corroborated  by  Bruce,  wlio  writes,  "The 
Nile  for  these  thirty  years  has  but  once  so  failed  as  to  occasion  dearth, 
but  never  in  that  period  so  as  to  produce  famine  in  Euypt."'  '  This 
refers  ap[:arently  to  tlie  thirty  years  previous  to  1773,  ■  the  low  Nile 
being  perhaps  that  of  1772.  He  further  speaks  of  three  of  these  floods 
having  been  exceptionally  abundant,  which  would  apply  to  those  of 
17.")7,  17.58,  and  [)erhaps  17.t3.  The  exceptionally  low  floods  of  1783 
and  1784  are  mentioned  by  Volney,  '  who  sjieaks  of  them  as  causing 
a  serious  famine. 

For  comparison  with  this  earlier  series  of  \ears,  rainfall  data  do  not 
exist  as  for  the  nineteenth  century ;  still,  it  can  be  said  with  certainty 
that  the  curve  is  not  one  which  shows  any  more  similarity  to  the 


-  Travels  to  discover  tlif  Sonrcp  of  the  Nile,  2nd  edit.,  vol.  5,  p.  37r>,  London.  l>iii"i 

'  n)id..  |..  412,  note. 

'  ''Voyage  en  Egypte  et  en  Syiie."  .'.tli  edit.,  vo!.  1,  y.  l.")7,  rmis.  1S22. 


—  .■'.(U  — 

iilternatiii^'  dry  and  wet  jiixuips  ol  years  lia\iii^'  a  period  of  about 
thirty-five  years,  than  has  been  found  in  the  later  series. 

We  may  conchide,  then,  with  reference  to  the  variation  of  tlic  Nile 
flood  from  year  to  year,  that  no  trace  appears  of  any  such  definite 
periodicity  as  mijiht  be  of  assistance  in  estiniatiiiff  the  probable  duration 
of  any  succession  of  hijih  or  low  Nile  fioods. 

In  the  sixty-four  years  (1736-1800)  of  the  eighteenth  century,  the 
oscillation  betA\een  excessive  and  deficient  floods  is  on  the  whole  much 
the  same  as  for  the  nineteenth  century. 

In  thirteen  cases  a  flood  abooe  the  average  is  followed  by  one  below 
the  average. 

In  twenty  cases  a  flood  tiluwe  the  average  is  followed  by  one  above 
the  average. 

In  eighteen  cases  a  flood  Oehnc  the  avenig'e  is  followed  by  one  below 
the  average. 

Ill  twelve  cases  a  flood  below  the  average  is  followed  bv  one  above 
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The  long  period  from  1781  to  179J),  when  apparently  all  floods 
except  two  were  below  the  average,  jjrevents  any  average  length  of  the 
oscillation  between  floods  in  excess  or  defect  being  estimated  satis- 
factorily. 

Essentially,  then  the  Abyssinian  rainfall,  which  is  represented  by  the 
Nile  flood,  fluctuates  at  short  intervals,  and  does  not  increase  more  or 
less  regularly  for  a  period  of  years,  and  then  decrease  in  a  similar  way. 
These  fluctuations  are  short,  and  if  the  number  of  years  between  the 
different  crests  of  the  ciu-\e  is  taken  '^whether  such  crests  rise  alx)ve 
the  average  or  not),  the  length  of  time  between  such  crests  is: — 
2  ^ears  in   twelve  cases  in  the  nineteenth  centurv. 
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4  ycMs   ill  lour  cases  in  tlie   ei^liteentli  cciitiiry, 
o  ,,  two  „  „ 

8         „         one  case  in  the  ,. 

11 
We  have,  therefore,  to  deiii  with  a  <-<>mparativelv  short-period  varia- 
tion in  the  metec (rolofjical  conditions,  but  this  subject   requires  furth<'r 
investiffation. 

It  has  been  seen  that  liigh  levels  in  the  Bahr  el  Jebel,  tlie  White 
Xile  and  the  Blue  Xile  dej)end  upon  very  different  factors,  and  in  the 
past  much  niisunderstan<liii<i"  has  been  due  to  this.  Before  dealing' 
with  the  nieteorological  conditions  whicli  jirobablv  affect  the  Nile  flood, 
if  will  be  useful  to  compare  such  records  as  exist  of  the  Bahr  el  -Tebel 
and  White  Xile  (see  p.  102)  with  the  correspondin*^  Blue  Xile  Hood 
in  order  to  see  the  effect  of  the  various  sources  of  supply. 


Yfnr 

Rilir  cl  Ji-lwl,  ctr. 

Blue  Xile 

Eiual.nlal  lak.>. 

1S48-9 

Exceptionally  low  in  winter 

Good  tiot>d ~) 

Lake   .\lbert  must    have 

IS.iO 

..                „      ,.   .lanuary    . . 

lieeii  very  low. 

1S5.S 

Low  at  Oondokoro  in  .January  . . 

;'.    '.'.'.'.'.'.'.  J 

18.58 

Summer  rains  feeble 

I'oor      

1H.5'» 

Water  in  April  very  low.     Early  rains 

poor  but  later  very  heavy 

I.ake  level  probably  low. 

18(il 

Itains  late  but  e.xceptionally  heayy    . . 
Balir  el  (ihazal  rain^  heavy 

High     ..     '.     ..      ..      .. 

Lake  probably  rising. 

lWi2 

Average  fliiod 

18(;3 

White  Xilr  saiil  to  be  low  in  .January. 

Late.proliably  Sobat  flood 

Bahr  el  Ohazal  high  in   Febhiary. 

was  the  same      . .      . . 

18fi4 

WhiteN'ilelowcrin  March thanin  18(i3. 

Very  liigh  flood 

IKRg 

Rains  feeble 

Low   flood       

(iood  flood  but  fell  rather 

early      

(iood  flood  fell  rather  late. 

1871 

Drought  at   (tondokr>ro 

1872 

Good  season,  high  flood  at  Oondokoro. 

Lake  probably  rising. 

1877 

Gondokoro,  no  mill  liver  low    .. 

Very  |)Oor  flood     . . 

.... 

1878 

Exceptionally  high  flood 

Very  high 

I^ake  Victoria  high. 

187!» 

River  high  till  Xoveniber    . 

High  late       

1880 

Bahr  el  (ihazal  rains  heavy 

Avenige         

.... 

1882 

Rains  feeble  till  .July 

Poor               

.... 

1883 

Heavy  rains  high  flood 

Moderate       

Ijikes  probably  high. 

1888 



Very  low       

.... 

1889 

.... 

Average         .,        . .     . . 

Lake«  low. 

1890 

Good              

,. 

1891 

.  * . . 

Average         

*»        •» 

1892 

High              

..    high. 

189.) 

Good              

.. 

18»«> 

Fair!  v  good    ., 

..    inclined  to  fall. 

1897 

Poor'              

to  rise. 

1898 

Low  stage  level  rather  low  > 

f'airly  good    „ 

..    steady. 

1899 

.,         ..      lower  ' 

Very  low        

..    fell  rapidly. 

1900 

Poor                

..     very  low. 

1901 

."         ..        ..      lowi    ..      .        '.'.      '.'. 

.,     rosj  slightly. 

1902 

Good  rain 

Very  low        

Low                

Jjikes  very  low. 

1!KI3| 

Low  in  .April    ( 

„    rising. 

High  flood        1       

1904 

Low  stage  higher  than  usual 

Very  low        

..     high. 

IHO.) 

Very  feeble  rains 

'     ^ 

,.     falling. 

'  Delm^-Raddiffe.  Geog.  .Jour..  Nov.  \0OX  p.  484. 

-  Though  these  data  from  1889  refer  specially  to  I/ike  Victoria,   it  is  highly  probable  that  Lake 
.\lbert  varied  siuilarlv. 
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The  Unci  of  L:ike  Albert  determines  tlie  Ii>\v  stage  level  of  tlie  Balir 
el  Jebel  after  tlie  rainy  season,  and  at  flood  jstage  may  produce 
exceptionally  high  levels  (see  p.  91 ).  Thus  we  may  say  with  confidence 
that  this  lake,  and  consequently  the  ('(piatorial  lakes  in  general,  was 
low  ill  1848-9,  1850,  LSo;!  and  1859  while  it  was  probul.ly  high  in 
1861,  1872  and  1883.  In  this  last  year  the  extensive  flooding  at  Lado 
recorded  by  Emin  Pasha  innst  have  been  partly  due  to  a  high  lake 
level.  Heavy  rains  ure  recorded  in  both  the  Al)yssiniaii  and  Bahr  el 
Jebel  areas  in  LSOl,  1872,  1878  and  187!)  while  feeble  rains  affected 
both  in  1858,  18(i8,  1877,  1882.  1899  and  1905. 

In  some  other  years  precipitation  in  each  of  these  regions  seems  to 
have  differed  entirely  in  character,  e.ij.,  1859,  1871,  188.3,  1902  and 
190,S.  Besides  the  effect  of  the  lake,  which  will  maintain  its  level  for  a 
time  after  years  of  lieaxy  rainfall  have  passed,  and  rise  slowly  after  a 
series  of  dry  years  has  ended,  it  is  certain  that  precipitation  on  the 
Bahr  el  Jebel  and  in  Abyssinia  may  differ  greatly,  and  it  is  not  safe  to 
assume  that  a  high  Nile  flood  supplied  by  the  Blue  Nile  corresponds  to 
hijfh  levels  in  the  Bahr  el  Jebel  thou<rh  it  inav  do  so. 

In  April,  1901,  the  lagoons  and  flooded  depressions  in  tlic  Bahr  el 
Jebel  valley  were  mucli  larger  tlian  in  April.  1903.  when  large  areas  of 
what  was  open  water  in  the  former  year  had  become  covered  with  a 
growth  of  roeds.  This  result  is  remarkable  in  view  of  the  fact  that 
no  special  fall  in  the  low-stage  river  level  at  Gondokoro  in  190o  had 
taken  place,  indeed  it  was  higher  than  in  1901,  and  the  rainy  season 
of  1902  had  been  an  unusually  heavy  one.  It  is  possible  that  such 
depressions  often  do  not  communicate  freely  with  the  main  stream, 
anil,  having  been  filled  in  years  when  sadd-blocks  were  interfering 
with  the  normal  drainage,  their  level  oulv  fell  slowly  when  the  blocks 
had  been  removed;  the  rains  of  1903  accompanied  by  a  high  lake-le\el 
refilled  many  of  thorn  h\  1904. 

Effect  of  Atmospheric  Pressure. — One  meteorological  factor, 
the  atmospheric  pressure,  has  been  found  to  \ary  over  north-eastern 
Africa  inversely  to  tiie  Xile  floods,  and  consequently  to  the  Abyssi- 
nian rainfall,  witli  such  regularitv.  that  a  further  study  of  the  subject 
is  being  undertaker..  The  relatiiMi  of  pressure  variations  to  precipita- 
tion and  the  similarity  of  such  variations  over  wide  areas  have  been 
studied  by  several  investigators. 

In  presenting  the  evidence  of  variatitm    of  climate.'    Briickner  has 


'  "  Klim.'isc-lnTnnkungeii."  Vienna,  18iK)  p.  218. 
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shown  tliiit  in  evorv  period  of  greator  raint'iiil  there  is  a  reihiction  of 
the  differences  of  atmospheric  pressure  between  stations,  while  in 
every  dry  period  there  is  an  increase,  and  these  variations  occnr  both 
in  the  differences  of  pressure  between  one  station  and  anotlier,  and 
between  different  seasons. 

Sir  N.  Lockyer  and  Dr.  W.  J.  Lockyer  iiavc  discussed  periodic  varia- 
tions of  pressure  in  a  series  of  connnunicatioiis  to  tlie  Royal  Societ\-,  ' 
wherein  they  jioint  out  that  these  variations  of  pressure  over  the  Indian 
Ocean  and  neijihbonrini;'  re<;'ions  are  inverse  in  cliaracter  to  tliose  which 
occur  in  the  American  area,  wliile  certain  other  rejiions  are  intermediate 
in  type. 

Dr.  F.  H.  Bifidow  lias  recently  dealt  with  ■  the  svnchronisin  of  the 
variations  of  the  solar  prominences  with  terrestial  atmos])heric  pres- 
sures, and  concludes  that  '•  the  phenomenon  of  inversion  prevails  in 
the  earth's  atmosphere,  localizing  the  effect  of  solar  action  in  two  tvpical 
curves  which  are  the  inverse  of  one  another."  The  distribution  of  his 
direct,  indirect,  and  indifferent  types  agrees  closely  with  that  ])ul)lislicd 
by  Sir  N.  Lockyer''  in  his  pa|)er  "On  the  Behaviour  nf  the  Short- 
Period  Atmos])heric  Pressure  variatioii  over  the  Earth's  Surface." 

In  1895,  Sir  -J.  Eliot  jjublished  '  a  jtreliniinary  discussion  of  oscilla- 
tory changes  of  j)ressnre  in  India,  and  showed  that"  well-marked 
oscillations  having  a  period  of  more  than  a  year,  occnr  over  the  Indian 
area,  and  are  directly  related  to  the  character  and  distribution  of 
precijiitation  over  the  Indian  monsun  area,  and  to  the  great  atmospheric 
movements  over  India.  Recently,  Professor  J.  Hann  has  studicil  ''  the 
relation  between  the  variations  of  pressure  in  Iceland  and  the  weather 
conditions  in  north-western  Europe. 

A  discussion  of  all  availalile  data  concerning  the  Abyssinian  rainfall ' 
shows  that  the  distribution  nl  rain  in  the  different  months  of  the  snnmier 
is  approximately  as  follows  :  — 

•liini'.  July.  AiifiMst.  Sfpti'iiilirr. 

K5  per  cent.    30  per  cent.    .■):i  jicr  cent.     l.'>  iicr  cent. 


'  On  some  Phenomena    which  suggest  a  Short  Period    of    Solnr  and    Mftcorolo-^icnl   Changes. 
I'roc.  Roy.  Soo.,  vol.  711,  p.  .")01 
-  Monthly  Weather  Review.  Xovember,   IHOS.  p.  .iO!). 
^  Proc.  Roy.  Soc,  vol.  73,  p.  457,    1904. 

*  Indian  Meteorological  Memoirs,  vol.  li.  Part  1 1. 
'■  IjOc.  cit.,  p.  117. 

<i  ••  Die  Anomalien  der  Witterung  anf  Island  in  dem  Zeitrannie  IS.'it  l)is  IllOO  nnd  deren 
Bezielmngcn  zn  den  gleichzeitigcn  Witternngs-anonialien  in  Xordwi'st-Enropa."  Sitznngslicriilite 
a.k.  .\liad.  Wiss.  in  Wien.'   I'.iOl. 

•  p.  2\->. 
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tlie  reniainiii^  12  jkt  cent,  falliiii;-  in  ^liircli.  April,  and  May.  As  the 
llfxiil  wave  caused  l»v  iniiilall  in  the  basiti  of  the  Abai  or  lilue  Nile 
takes  from  2.i  days  in  July  to  lo  days  in  September  to  reach  Aswan,' 
we  niav  consider  that  the  meteoroloirical  c'oiiditions  which  we  have  to 
examine  are  those  of  dune,  July,  Aujiust  and  September,  tlie  months 
of  heaviest  rainfall  on  the  Abyssinian  ])lateau. 

Summer  Pressure  Aiinni'i/irs  kikJ  l-lnod  ( 'uii(/it/ons. —  If  the  variations 
from  the  mean  of  the  atmosplieric  pressure  of  the  suimner  months, 
June  to  September,  for  a  series  of  years  are  examined  (Plate  XLI\  ),  it 
will  be  seen  that  they  exhibit  an  irrejjfular  oscillation  which  is  generally 
inverse  to  that  of  the  Nile  floods;  years  with  high  atmospheric  pressure 
correspond  closely  to  those  of  deficient  Nile  floods,  and  those  of  low 
atmos])heric  pressure  to  the  high  floods,  and  consequently  with  heavier 
rainfall  in  Alnssinia.  As  lias  l>een  sliown  by  Briickuer,  Lockyer. 
Bigelow,  and  others,  such  oscillations  of  pressure  are  to  be  traced  over 
very  wide  areas,  high  or  low  pressures  occurring  at  nearly  the  same 
time  in  the  observations  recorded  at  distant  stations.  The  data  whicli 
are  available  for  an  investigation  of  the  pressure  conditions  occurring 
over  the  Nile  basin  itself  are  few,  since  temperature  and  rainfall  have 
been  more  often  recorded  than  atmospheric  pressure,  for  which  only  a 
few  year's  observations  in  the  Nile  valley,  south  of  Cairo,  and  in  tlu^ 
Sudan  exist  as  yet;  still  the  observations  which  are  available  at  Cairo 
and  Alexandria  from  18G9,  and  Beirut  from  l<S7o,  may  l)e  utilized  to 
compare  the  i)ressure  conditions  of  nortii-eastern  Africa  witii  those  of 
more  distant  stations. 

Taking,  now,  the  summer  or  low  pressure  montlis,  June  to  September, 
w  hicli  include  the  period  of  rainfall  in  Abyssinia,  the  mean  value  of 
the  barometric  pressure  is  usually  above  the  normal  value  for  these 
iiioiitlis  (as  deduced  from  the  o()  years.  1X69  to  1904),  when  the  Nile 
Hood  is  belf)w  the  average,  and  below  it  when  the  flocd  is  above  the 
avei'age  in  this  series  of  }CiU-s  ;  a  mean  :itmospheric  pressure  for  June 
to  September  in  excess  of  the  normal  occurred  with  twelve  low  floods 
as  (din[)ared  with  tour  high  floods,  while  a  deficient  mean  pressure 
occurred  with  thirteen  high  floods  and  five  low  floods. 

The  iigreement  is  more  clearly  shown  if  the  curves  of  the  mean 
pressure  anomalies  and  of  the  Nile  floods  (inverted)  are  compared.  It 
w  ill  tin  Ml  be  seen  that  not  only  do  excess  pressures  and  deficient  flowls, 
and  the  converse,  occur  with  considerable  frequency,  but  also  that  the 
differences  from  the  normal  of  the  two  cmwes,  show  a  marked  tendency 
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tu  move  in  the  >;iuic  tlirectiuii.  although  tho  amount  o£  excess  or  deticit 
for  any  year  in  the  atmospheric  pressure  may  not  bear  any  definite 
relation  to  the  magnitude  of  tlie  Hood.  Of  18  years,  in  which  there 
was  an  increase  in  the  mean  pressure  of  June  to  Sei)temher,  there  was 
a  decrease  in  the  Hood  as  conn)ared  witli  the  previous  year  in  16  years 
and  in  2  years  there  was  an  increase  ;  in  14  years,  in  which  there  was 
a  decrease  in  the  barometric  pressure  as  cotnpareil  with  the  [ii-evious 
year.  9  years  hatl  an  imprt)ved  Hood  and  5  years  had  a  worse  Hood. 
Therefore,  though  there  is  not  an  exact  agreement  between  the  curve 
of  the  mean  atnios[)lieric  pressure  for  April  to  September  at  Cairo,  and 
the  iiiverteil  curve  of  the  Nile  floods,  there  is  considerable  similarity, 
which  is  Avorth  further  investigation. 

Theyears  in  wliich  the  agreement  is  wanting,  when  the  mean  summer 
jjressure  for  April  to  Sei)tember  and  the  Hood  are  C(>m])ared.  are: — 
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If  the  investigation  is  carried  out  over  a  wider  field,  and  the  records 
of  barometric  pressure  of  other  and  more  distant  stations  are  utili.sed. 
thi.s  general  agi'eement  is  seen  to  extend  to  many  of  them,  also  showing 
that  variations  from  the  normal  pressure  occur  nearly  sinudtaneouslv 
over  very  large  areas.-  The  variations  from  the  normal  pressure  have 
been  i)lotted  on  Plate  XLIV   for  the  .stations  of 


Pontc  Dcloada 

(  Azores). 

Beirut 

Mnlhi. 

Cairo. 

AtlKMl-'. 

Aden. 

Bombay. 
Zanziliar. 
Mauritius. 


Here  the  general  agreement  of  the  uuixima  and  minima  are  well  shown, 
as  well  as  many  of  the  minor  crests,  so  that  it  would  a|)pear  that  the 


■  The  volume  of  the  flood  is  taken  as  the  volume  of  water  pai<slng  A.swan  between  .July  I  :iih1 
October  31. 

'  See  Lockyer,  Proc.  Roy.  Soc.  vol.  73,  p.4Jr;  Bi^elow.  Monthly  Weather  Keview,  November, 
1!t(l3  ;  Bruckner.  '•  KliiniSLlnvankuugen."  Chap.  VI,  Vienna,  lSt»0:  Hann,  Sitzungsberichte.  d.  k. 
Akad.  a.  Wiss.  in  VVien,  vol.  110,  HI,  January,  1904. 


PLATE  XLIV. 


VARIATIONS   FROM  THE   MEAN  ATMOSPHERIC  PRESSURE,     JUNE  -SEPTEMBER 


P.  D«lgada 


tURvet  DEPT     CAIRO 


ytjji  jTAJi 


n  M  I  M  :  ^  ^  i  :  ^  '•  H  M  >  i  i  i  i  ^  i  i  I  3  i  :  !  i  I  i  I  2 


^ttaaisO  .fli 


■»»-■*->!■ 


I  ■  |i  *  u  -»»—  !— ■' 


d 


r 


f4 


^ 


>        i;       I 


-MH 


f-i-  i  (  I  .j  j  I  -t-  I'j 'l-'i-  i-l". 


»i>J»M 


•if*f*t^ 


>un|^ 


!  -i- 


Of  Ma  nifi  ftt^iii 


—  ;^(!7  — 

bannuetric  cuiulirioiis,  «ith  whicli  a  heavy  or  deticient  rainfall  in 
Abyssinia  coincides,  are  often  of  very  wide  extension.  The  agreement 
of  tlic  Cairo  pressure  cui-M'  witli  the  iuNei'tcd  Hood  cui'vc  has  been 
(liscussed  ;  the  Beirut  curve  has  much  in  conunon  with  the  Cairo 
curve  but  presents  some  points  of  iuterest;  the  high  jM'essure  in  1877 
is  well  marked,  coinciding  with  the  very  low  Nile  of  that  year,  as  it 
is  in  the  [Mauritius  curve;  at  Cairo  the  discrepancy  between  the  two 
curves  is  apparent  rather  than  real,  as  the  pressure  was  exceptionally 
high  in  July  and  August. 

All  the  curves  mark  the  low  pressure  of  the  sunnner  of  187JS.  a  vear 
of  liigh  and  late  Hood.  In  1879  the  pressure  was  rather  higher  but 
agrees  with  the  flood ;  18S0  continues  in  tlie  same  direction,  as  also 
does  1881.  In  1S82  there  are  points  of  peculiar  interest  to  be  noted; 
at  Cairo,  and  Beirut,  the  mean  pressure  increased,  and  in  Eg\pt  the 
Kile  Hood  was  feebler  than  in  any  year  since  1877.  these  data  beiu"' 
thus  in  agreement  :  but  in  Mauritius,  and  Aden  thi'  ))ressure  fell 
considerably,  the  Bombay  rainfall  was  in  sHglit  deficit,  1"92  inches, 
while  that  for  India  generally  from  dune  to  Se])tcml)cr  was  2'1  inches 
above  normal.  In  LSX3  a  marked  im])rovenient  in  the  Hood  took  place, 
with  a  very  slight  decrease  of  pressure  at  Cairo.  Beirut.  Aden,  but  at 
Bombay  it  rose.  In  these  two  years  then  Indian  and  Egvptian 
i)ressures  and  rainfall  conditions  were  not  in  aicreement.  In  1  rS.S4  a'>ain 
the  mean  pressure  increasL;d  at  most  stations  and  the  Nile  Ho(xl  was 
bad;  in  1885  the  mean  pressure  fell  at  Cairo,  Beirut,  and  it  rose  at 
Bombay;  tlie  Nile  Hood  was  slightly  above  the  average  again,  while  in 
Bombay  rainfall  was  3"1  inches  below  the  average  ;  1886  shows  i-ather 
higlier  pressures  at  Cairo  and  Beirut,  while  the  Hood  was  poorer,  l)iit 
Aden,  and  ljoml)ay  had  lower  pressures,  and  at  Bombay  there  was  a 
large  excess  of  rainfaU  :  in  1S,S7  the  conditions  were  reversed  except 
that  in  spite  of  increased  pressure  Bomljay  had  an  excess  of  rainfall. 
l)Ut  the  noticeable  point  is  that  in  these  two  years  again,  as  in  1S,S2 
and  18.S3.  Egypt  and  Western  India  are  at  variance.  In  1888.  INNi), 
and  1890  all  the  curves  agree  and  the  very  low  Hood  of  I<S8,S  followed 
l)y  higher  ones  of  1889  and  1890  are  paralleleil  l)y  the  failure  of  rainfall 
at  Boml)ay  in  the  first  year,  and  the  greatly  reduced  deficits  of  tlie 
next  two  years.  Until  1<S9')  the  curves  show  agreement,  but  in  1S9(J. 
1.S97.  and  1S!)S  the  variations  of  the  Hood  arc  not  well  indicated  in 
the  Cairo  and  lU'irut  curves,  and  in  1897  Zanzibar  alone  shows  an 
increased  mean  pressure. 

There  is  some  difficulty  in  comparing  the  rainfall  ilue  to  the  Bonibav 
monsun  current  with  the  Nile  Hoods,  as  it  is  doubtful  which  inland 
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sUitioiis  received  their  riiiiil'all  irom  tliis  current  and  which  i'roui  tlie 
liay  current.  On  ])late  XLA'I  the  percentage  deviation  of  each  year's 
rainfall  from  the  normal  i«  shown  for  each  of  the  rainfall  districts  on 
the  west  coast  of  India  wliich  are  certainly  supplied  by  tlie  Arabian  Sea 
or  Bombay  current.  It  will  be  seen  that  in  spite  of  an  agreement  in 
many  years,  there  are  others  in  whicii  the  reverse  relation  occiu-s, 
especially  about  the- period  1881-9. 

Sir  W.  Willcocks,  inapaper  at  the  Meteorological  Congress  at  Chicago 
in  1892,  stated  that  fann'nc  years  in  India  wore  years  of  low  sup])lv  in 
Egypt ;  and  Sir  .1.  I'^liot,  in  his  forecast  of  the  ])rol)al)le  diameter  of  tlie 
south-west  nionsun  of  1900,  supports  this. '  His  latest  views  on  the 
Indian  monsun  are  fully  set  forth  in  his  address  to  Section  A  (Sub- 
.section,  Cosmical  Physics)  of  the  British  Association,  1904."  He  con- 
siders that  local  or  general  drought  in  India  may  be  due,  among  other 
things,  to  a  larger  diversion  than  usual  of  the  monsun  currents  to  Burma 
or  Abyssinia,  and  later  he  states  that  the  Xile  Hoods  of  the  period  189")- 
1902  followed  closely  the  variations  of  the  rainfall  in  Western  India, 
showing  that  the  Al)yssinia  rainfall  was  more  or  less  gencralK'  in  defect, 
and  most  largely  in  1899  and  1901.' 

Since  the  trojiical  rains  of  all  this  region  are  all  caused  primarily  by 
the  transfer  north-ward  of  tlie  e((uatorial  rniii-belt,  followed  by  the 
nortliward  extension  of  the  south-east  trade  winds,  it  follows  that 
probably  a  weakness  of  tlie  winds  in  one  area  may  also  be  felt  in 
neighbouring  areas  in  similar  latitudes.  But  there  are  other  causes  at 
woi-k  which  affect  the  Nile  Hood  and  may  cause  it  to  depart  from  its 
usual  agreement  with  the  south-^vest  monsun  of  India.  The  alternations 
of  atmospheric  pressure,  which  have  been  discussed  above,  cert^iinly 
exert  a  modifying  iuHuence  on  that  western  portion  of  the  south- 
western monsun  of  the  Indian  Ocean  wliirli  provides  the  rain  of 
Abyssinia,  and  which  but  for  the  inHuence  of  local  conditions  should 
closely  follow  the  Arabian  sea  current  of  the  nionsun  of  India. 

It  would  appear  therefore  that  while  the  nionsun  conditions  of 
Western  India  are  closely  connected  Avith  those  of  Eastern  and  Nortli- 
Eastern  Africa  in  the  summer  months,  it  is  going  too  far  to  insist  upon 
a  complete  agreement;  deductions  based  on  this  without  regard  to  the 
conditions  in  Northern  and  Central  Africa  are  likely  in  some  years  to 
be  considerably  in  error. 


'  "H;iture,"  August  23,  1900,  p.  392. 

'  Uiid.,  August  25,  1904.  p.  S99. 

»  J'his  should  be  1902  ;  the  1901  Hocnl.  ll ^'li  Ijcluw  tin,'  menu,  was  uiuih  lietter  than  tlint  of  1902. 
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Mdiithlji  I'rcssiirc  Ani'iitd/ics. — So  fiir  tlicii,  there  ;ni|ie;ir>  to  lie  coii- 
sulenible  prohiihility  that;  the  variations  of  tlie  rainfall  in  Abyssinia  arc 
connected  with  tlie  variations  of  barometric  |)ressnre  tVoni  vear  to  year 
in  north-eastern  Alriea  in  the  summer  montlis,  that  is  from  June  to 
!Se])tember. 

When  tlie  monthly  [ii-es.-ui'c  anomalies  at  Cairo,  Alexandi-ia  anil  1  lei  rut 
are  compared  with  the  monthly  excess  oi-  defect  of  the  Nile  Hood  as 
recorded  on  the  Aswan  gauge,a  close  agreement  is  found  toexist.  Sir 
rl.  Eliot,  F.K.  S.,  '  points  out  that  ])eriodic  changes  of  jiressure  in  India 
are  far  smaller  in  amount  than  the  annual  and  daily  range,  tivke  place 
more  gradually,  and  from  their  small  magnitude  accurate  and  long-con- 
tinued series  of  observation  a !■(■  necessary  for  their  discussion.  Their 
importance  is  not,  however,  to  be  measured  by  their  size  ;  Sir  d.  Kliot 
is  of  opinion  that  in  India  they  are  due  to  the  seasonal  mass  transfei- 
of  air  across  the  equatorial  belt  betAvecn  southern  Asia  and  the  Indian 
Ocean,  and,  as  a  consequence  of  this,  "thev  are  directly  related  to  the 
largest  and  most  important  features  of  the  weather  in  India,  viz.,  the 
character  and  distribution  of  the  precipitation  of  rain  and  snow  in  the 
Indian  monsnn  area.'  It  will  hardly  be  remarkable  if  a  somewhat  similai- 
oscillation  be  found  to  exist  in  the  north-eastern  part  of  Africa,  and 
we  ma\'  ex|)eet  it  similai'ly  to  att'eet  the  African  nionsun  raiid'all  in 
Aliyssinia  and  the  Sudan. 

To  examine  this  both  the  crude  and  the  "'smonthed'"  \alues  of  the 
differences  of  mean  atmospheric  pressure  of  each  month  fi'oni  the  normal 
for  Abbassia  Obser\atory,  Cairo,  ha\i' been  used.  I'hesmoothed  \ahies 
ai-e  obtained  in  the  same  wav  as  in  the  Indian  Meteorolojiical  Memoir 
already  ((noted,  that  is,  the  smoothed  values  for  any  month  is  the 
arithmetical  mean  Ijetween  the  actual  values  for  that  month,  the  pre- 
ceding and  succeeding  months.  The  same  has  also  been  done  for 
Athens,  Beirut,  Aden,  Zanzibar  and  Mauritius.  These  values  have 
been  plotted  on  Plate  XL\  II  to  scale  of  5  mm.  to  1  nun.  of  \ariation 
of  pressiu'e  from  the  normal,  so  that  the  correspondence  between 
the  various  stiitions  at  the  same  season  can  be  followed. 

In  studying  these  curves,  and  specially  those  of  l>eirut,  Cairo,  and 
Aden,  we  nnist  remember  tluit  it  is  with  the  effect  of  the  pressure  \ar- 
iation  during  dune,  duly,  August,  and  Sei)teml)er  that  we  are  prin<'i- 
pally  concerned.  This  leads  to  another  jtoint;  since  the  rainfall  which 
affects  the  Nile  flood  is  strictlv  limiteil  to  the  Abyssinian  area,  high 
!uid  low  pressures  ma\'  oeeur  in  the  winter  months  without  having  anv 


'  Iniliaii  Meti'i)roIi>gkMl  Memoirs,  vul.  (>,  Pai-t  II,  Cakiitta,  is;i."i. 
'  n.M.,  p.   117. 
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effect  on  the  subject  umlcr  consideration,  the  Nile  Hood.  This  is  the 
reason  that  if  the  mean  ])ressures  at  Cairo  for  October  to  March  or  even 
•Tanuary  to  April  are  examined,  they  show  no  relation  to  the  variations 
of  the  Nile  Hood. 

Flood  roni/ifiuit.<. — The  ajrreemeiit  between  the  l>an)Uietric  curve  for 
Cairo  and  tlie  variation  of  the  Abyssinian  rainfall  and  the  Nile  Hood. 
cannot  conveniently  be  shown  graphically  when  tlie  monthly  {pressure 
variations  are  considered,  because  the  disdiarge  of  the  Xile  in  different 
months  depends  on  different  factors.  After  Octol)er  the  Blue  Xile  sup- 
plies a  steadily  decreasing  anujunt,  until  in  May  its  discharge  at  Khar- 
toum may  almost  cease;  the  Sobat  is  at  its  ma.ximum  in  Xovember 
and  decreases  until  it.  too,  supplies  hardly  anything  in  Ajiril  in  a  low 
year ;  the  combined  discharge  of  the  Bahr  el  Zaraf,  Bahr  el  Jebel  and 
Bahr  el  Ghazal  is  always  a  jiractically  constant  amount  for  the  purjwse 
of  the  present  discussion.  Although,  therefore,  pressure  conditions 
might  be  such  in  November  as  to  favour  a  heavy  rainfall,  and  even 
though  this  might  fall  atthe  eijuatorial  lakes,  the  Nile  discharge  would 
no  more  be  inHuenced  by  it  than  conditions  of  excessive  drought  at  a 
similar  time.  In  short,  cunditi(jns  favijurable  or  unfavourable  to  jire- 
cipitation  will  affect  the  Nile  flood  supi)ly  in  some  such  way  as  the 
following : — 

Ajiril  and  May:  advance  or  retard  connnencement  of  Hood ;  June, 
July,  August:  increase  or  decrease  Hood;  Sc]»tember.  October:  delay 
or  accelerate  the  fall  of  the  Hood. 

In  other  months  the}-  will  have  no  effect  on  the  Nile  sup[)ly.  since 
no  rain  is  falling  within  the  effective  basin."  The  low  stage  supply  is 
due  to  the  combined  effect  of  the  July  to  August  rainfall,  and  to  the 
September  to  October  later  rains  ;  a  heavy  rauiy  season  ceasing  usually 
in  September,  and  a  moderate  rainy  season,  followed  by  prolonged 
September  to  October  rains,  may  both  furnish  a  good  low-stage  supj»ly 
drawn  from  the  stored  ground-water  and  the  springs  of  Aln'ssinia. 

Since  pressure  changes  are  practically  simultaneous  over  wide  areas, 
any  effect  on  the  river  gauge  readings  will  take  place  in  the  flood  two 
to  four  weeks  later  at  Aswan,  according  to  the  distance  that  the  water 
as  to  How,  from  where  the  rains  was  falling  to  the  point  of  obser\  ation 
and  also  on  the  velocity  of  the  current,  while  at  low  stage  the  discharge 
is  the  result  of  the  meteorological  conditions  in  Abyssinia  several  months 

*  Strictly  speaking,  Wadelai  on  the  Bahr  el  Jebel  (lat.  3°  N.)..  which  luu*  November  rains, would 
be  within  the  eflfective  basin,  since  there  is  a  direct  waterway  from  this  point  to  the  lower 
re.iche3  of  the  Nile,  but  as  the  discharge  at  the  mouth  of  this  river,  where  it  joins  the  White  Xile, 
only  varies  but  little  fr.mi  3'li  cubic  metres  |>«r  second  throughout  the  year,  this  rainfall  li;is  no 
■easonal  etl'ect  on  the  .Aswan  discharges. 
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earlier.  Since,  tiierelore,  tlie  pressure  eurves  an<l  river  giiiiue  eiirves 
eaiiiiot  be  direetly  euiiipared,  the  mean  dift'ereiice  of  each  iiioiith'.-<  j;auge 
readiiifi's  from  the  32  years'  mean  of  the  readinjis  of  the  Aswan  <i"aii<;e, 
will  be  used  to  show  the  effect  of  the  rainfall  on  the  river's  discharjic 

A  comparison  of  these  differences  with  the  pressure  anomalies  on 
plate  XLVII,  will  serve  to  show  the  remarkably  close  connection  which 
there  in  most  years  between  the  variations  of  pressnic  from  the  normal 
at  Beirut,  Cairo  and  Aden,  andthe  I'ainfall  of  Abyssinia,  asre[)res(iii(<l 
bv  the  "•auye  readin"s  at  Aswan.  In  one  or  two  cases  even  a  iirief 
chaiif^e  of  j)ressure  for  a  month  appears  to  be  reproduced  in  the  i:au;ie 
readings,  as  a  consequence  of  the  increased  or  decreased  rainfall,  but 
though  no  special  stress  should  be  laid  on  these  minor  agreements,  it  is 
certaiidy  remarkable  to  see  111 iw  closely  the  two  phenomena  of  pi-essurc 
and  rainfall  agree  in  most  yeai-s. 

Tht  first  of  thetwo  following  tallies gi\es  the  monthly  mean  difference 
of  the  Aswan  gauge  readings  from  the  mean  readings  of  1872  to  lilOl. 
and  though  these  differences  do  not  furnish  as  accui'atea  means  of  com - 
l)arison  as  the  volmne  of  water  dischai-ged  in  each  month  would  do, 
still  tliey  will  not  introduce  any  great  error.  In  the  table  second  the 
pressure  anomalies  for  dune  to  September  are  compared  with  the  Hood 
for  the  "S'ear  bv  means  or  its  ratio  to  a  mean  flood.  This  ratio  has 
been  obtained  ])\  comparing  the  Nohime  discharged  at  Aswan  betwi'cn 
duly  1  and  October  31   in  each   year. 

Mkan  Difkeuence  ui-  Gauge  Headings  at  Aswa.n  in  (  e.ntimktkes  ihum 
THE  Mean  Gauge  READiN(is  of  lHl-2  to  I'.M).'!. 
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CdMrAIilsnN    UK    I'mCSSUUK   ANOMALIES,    JlXE   TO    iSniTKMBKIt.    AT    ('aI1!(>, 

WITH  THK  Ratios  ok  the  Nile  Floods  to  a  Mkan  Flood. 
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By  comparing  these  tables  with  the  monthly  mean  pressures  as  given 
on  plate  XLVII  it  will  be  seen  how  far  there  has  been  correspondence 
between  good  floods  and  low  pressure  conditions,  as  well  as  between 
])oor  floods  and  liigh  i)n'ssure  conditions  ;    tlie  results  are  set  forth  in 


the  following  statement. 


Year 
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1870 
IS71 
1872 
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I'HESsuBE  Conditions' 


Caiki  I  markedly  low  both  hofore 
iinil  ihirintr  Hood. 


NlI.E  rmol)   AT   A.SWAS 


E.\«'s.s  all  months  from  June  to 
(>ctol)er. 


('AHtolow  ii|i  to  June  tlieii  nor-  Jloderate    excess    June   after- 
mal  till  Auo;.,  8<'])t.  ajrain  low.      wards  j^ood  e.xcess. 


Cairo  low  especiidlv  June  and 
Jnlv. 


15  Jidy-31  Auo:ust  large  excess, 
decreasing  September. 


('aiuo  low   ill  April-Jtiiy.  rose  Considerable    excess    20   June- 


in  tSeiil..  failing  again  in  Oct, 


1.3  August  and  again  after  20 
Sel>teinber.  between  these 
dates  normal. 


'  Mean  of  the  mean  anomalies  of  tUe  months  June,  .July,  August,  September. 
'  Years  in  apparent  disagreement  from  the  rule  that  —  anomalies  coincide  with  floods  abovu  tha 
iivcrage.  and  +  anomalies  with  floods  below  the  average, 
■S  Tlii'i^e  iiiv  tikeii  from  unootlied  curves. 


INDIAN     RAINFALL 

ARABIAN    SEA    CURRENT.  PERCENTAGE    VARIATION 

FROM    MEAN    OF    MAY     TO   OCTOBER 


PLATE      XLVI. 
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I'HEssuRK  Conditions 


Cairo   low   April,    liiyh    May- 
.luly.  lower  Au":.  aixi  Sept. 


('aiuci  lii^'li  Maivli.  Ai>iil.  May 
then  fell  .steadily  tliroughout 
rest  of  year. 

Beirut  and  Cairo  low  till  July; 

Aii(r.  above  normal,  tlien  fall- 
ing till  N()\'. 
MATRiTirs  fall  to  end  of  ( )ct. 

Bkiiut  Ainii.  May.  .lune  high, 
^larch  and  ."^ept.  low. 

<  'airo.  March.  Ai)ril,  Jlay  low- 
then  rising  to  November. 

MArRiTiis*.  April-August  high. 

Beiri't,  above  normal  till  Oct.. 
Maj'.  June.  July  very  Iiigli. 

("airii.  Mareli-May  below  nor- 
mal ;  J  uly.  August.  September 
very  high. 

Maukitiis.  high  A]iril  to  Sept. 

BfaRfi.  very  higli  in  Fi'bniaiy. 

low  May-<  )etober. 
Cairo,  very  high  in   February. 

low  May-(  totoljer. 
Mauritics.  low  after  March. 

Beirvt.  low  Jiine-.*^e])teinber 
then  rose,  minimum  June. 

(  'airo.  low  May-Se|)temberthen 
rose  minimum  June. 

Mauritrs,  low  in  June.  .Inly. 

Beirut,  low  in  ilay.  otherwise 

above  norma!. 
C.\iro.  May.  June  slightly  below 

normal,  rest  of  year  above. 
Aden,  no  observations  till  Aug. 

then  above  normal. 
Mauritiis.     high     throughout 

year  minimum  in  Max-. 

Beirut,   high   April-July,  low 

August-(  )etober. 
Cairo,    high    A]>ril-.Tune.    low 

September. 
Aden,  higli  till  July,  tiien  low 

September-November. 


N'lI.E    FLOOD   AT   .^SWA.N 


ir>  .lun<>-.")  July  large  excess, 
then  large  deficit  especially 
•Ji'i  July  to  1(1  .\ugu<t. 

( 'onsideralile  excess  from  ."(June 
onwards. 


(ieneral  moderate  excess  after 
].")  Jmie — weakeneil  \'t-2'> 
Septeniber. 


(General  moderate  excess  after 
2(t  June. 


Deficient  from  end  July  espe- 
cially September  and  October, 
though  .tuly  had  been  in  fair 
excess. 


l)eticiency  of  low  stage  dimi- 
nished from  1.')  June  after 
Julv  excess,  flood  hii^li  and 
late". 


Large  excess  in  low  stage  was 
maintained  in  flood  till  end 
of  August  when  it  l)ecame 
moderate. 


Excess  till  1.5  August  then  defi- 
cient. 

i{is<'  of  pressin-e  corresp(ind~ 
with  the  weakeningof  .\uL'Ust 
and  Septemb  -r  rain.-. 


Deficient  till  eml  of  Augu>t  then 
moderate  excess  till  l."»  (•clo- 
ber,  then  normal. 

Pearlier  rains  were  weak  till 
pressure  fell  when  they  rapid- 
ly improved. 
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Pressure  conditions 


MAUiUTirs.  liioli.  fallino;  sti-ail- 
ily  oxfcpt  for  ti'm]i(>rarv 
ininimiini  in  April.  May. 

l^KIUI'T.     very     Iiioli    .laiiiiary- 

Marcli  liiu'li  •liinc  to  ()ctolii'r. 

low  ill  May. 
r.viKii.     \ory     liioli     .laiiiiary- 

Marcli.  liijrli  rest  of  year. 
AuKX.  about  normal. 
M.\t:uiTU's,lo\viiiiniiiiuin  April, 

maxiniiim  just  atxnc  normal 

•inly. 

Bi.iiti  T,  al)ovo  norma!  .May- 
S('|itenil)er.    innximum  .Inly. 

Caiuo.  aliove  normal,  maxinuim 

•lunc.  .lulv  iallini;  to  normal 
( »ctol)cr.' 

AnEX.  normal. 

Maiiri'I'ICs.  hclow  normal. 


Bkirtt.  low  March,  tlirn  hiiili 
witii  a  soconilary  minimum  in 
Au.onst. 

( '.viRO.  liiiili  tlironoliout  year 
with  minima  reacliino- to  nor- 
mal in  April  ami  auain  in 
Deccmhcr. 

Aden.  hio:li  with  minima  March 
Augnst  and  Seiitember. 

M.\i'RiTns.  low  from  March  to 
Nov.    Minimnm  .Iniie.  .Inly. 

Beirut,    low   throuiihont   year 

minimum  Ajiril. 
Cairo,  low  .lannaiy,  Fchrnary 

November,    December,   other 

months  normal.   .Tunc  above 

normal. 
Aden,  oljscrvations  wantino, 
Malriths.  Febrnary-May  be- 

lovy,  others  above  normal. 

BsmUT,  April,  May  above  nor- 
mal, rest  below,  minima  Fel> 
ruaiy.  June  ami  October. 

0.\IRO,  high  May,  Jul)-,  very 
high  .Tune,  afterwards  rapicl 
fall. 


Nit.E  FLOOD  .^T  Aswan 


1  )cficicnt;vcry  deficient  1. 5. Jul  \- 

I'd  August.' 
(Jeneral     weakness     of     rains, 

unlike  India   where   Monsun 

was  good. 


^Moderate  excess  Julv-Septeni- 
ber,  with  consideraole  excess 
:i')July-ltl  August.  October 
moderate  defec't. 

In  this  year  the  pressure  varia- 
tions do  not  agree  with  the 
Abyssinian  rains  ;  a  flood 
b(dow  the  average  impro\  ing 
in  September  w  ould  haxc  been 
expected  from  the  jiressure 
conditions. 

(Jood  low  stage  maintained 
excess  till  ].")  .Tunc,  then  defect 
till  20  October  when  moderate 
excess  occurred. 

Early  rains,  and  very  late  rains 
fair,  but  main  rains  failed, 
and  this  the  |)ressure  fairly 
indicates. 


Defect  to  end  of  June  then 
moderate  to  good  excess  to  end 
of  August  then  again  defect. 

High  pressure  in  June  seems  to 
have  corresponded  with  weak- 
ness of  early  rains,  while  the 
July-August  rains  were  bet- 
ter than  might  have  been 
anticipated. 

Slight  defect  increasing  to  con- 
siderable 20  July-Id  August 
moderate  excess  in  second  half 
of  September. 

High  pressure  corresponding  to 
weakness  of  June  and  July 
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AiiEN',  low,  miniiiuim  .Tunc. 
JIaiiiitii-s,    I(i\v    JIiHvli-April 
anil  July-Ati<.'ust. 

Bkiuct.  Iiiirli  till  May.  tlicn  low. 
niinimiiin  July. 

O.^IKO,  March,  Ai)ril  lii^rli.  otlicr- 
wise  normal  or  luw.  niininnnn 
Jiily-Spptcmlicr. 

Aden,  slijrlit  niininuim  iii.iuiy, 

MAiRiTirs.  Iii<rli.  Jnl_v-Aiioii>'t. 
Scjitc'inljcr  iniiiiiiinm  reach- 
ing normal. 

Beirut,  below  normal  hut  risin<r. 
('.ilRO.below  normal  till  August, 

then  above. 
Aden,  high  Sciitcmbcr. 
Mai'KITHs.  high  in  ^larrli  then 

falliniitilK  )ct()lier.then  ri-^iiiL;-. 


Beirut,  low  from  May  to  Sept. 
Cairo,  high  in  March,  low  from 

May  to  September. 
Aden',  low  after  May. 
Mauritus.  high  till  April,  then 

.slightly    al)ove    nornuil     till 

October. 

Beirit,   low  till  August,  high 

Sei)tember  and  October. 
Cairo,   low   till   August,   high 

Se|)tember  and  October. 
Ade.v,  low  till  July  then  sliglit- 

ly  above  normal. 
Mauritu's.  low  between  Ai>ril 

ami  August. 

Beirut,  high  in  February,  then 
below  normal. 

Cairo,  high  .March,  low  April- 
June  then  above  normal  Jtily- 
Sej)teniber  with  fall  in  this 
last  month. 

Aden,  above  normal,  maximum 
July  then  falling  till  Nov. 

Zanzibar,  above  normal  Maxi- 
mum August. 

Mauritius,  above  normal. 


Nile  flood  at  .\swan 


rains,  gave  way  in  August 
and  September  and  so  a  mo- 
derate flood  was  obtained. 

(ioiid  excess  rising  to  large  fniiii 
I")  July-2")  August. 

Pressure  condit  ions  becamefroni 
month  to  month  more  favour- 
able and  rains  increased. 


June    moderate    defect  ;   July, 

August  considerable  defect, 
bt^coming  large  after  15  Sept. 
The  weakness  of  June-July 
rains  is  not  well  indicat<'d  1a 
increased  pressure  though  tin- 
increasing  failure  of  the  rain^ 
is  clearly  mirked. 

Defect  until  15  July,  then  mo- 
derate excess  till  middle  of 
October. 

High  pressure  in  spring  seems 
to  have  delaved  the  rains. 


June  in  defect,  July  fair  exce.ss, 

August,  September  and  Octo- 
ber good  excess. 
The  high  autuuni  pres>iire  does 
not  seem  to  have  attc-'ted  the 
later  rains,  and  i>robably  did 
not  extend  far  south. 


10  June-.5  July  good  excess, 
l.")  July-10  August  moderate 
defect  then  normal  to  end  of 
September  increasing  to  mo- 
derate excess  in  October. 

Wains  correspond  with  change-; 
of  |)res-iure  at  ( 'airo  and  Aden 
closeh  . 
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IMH". 


Beiui'1', low  tliroujrliout tho vpar 

anil  falling  in  aiitiiinii. 
(  'aiUii.  low  tiirouvlioiit  tlic  \  ear, 

an<l  t'aliiiii;'  in  autiuiiii. 
Adkn,  low  tlii-(H|oli()i,t  tile  year. 
Zan/ibah,  low   tliroiinliout  tlu' 

year,  minimum  in  . I  line. 
MAriUTirs.  very  low  in   Mareli 

then  rising  irreoLilarly. 

BRIIilT.  Marcli-.^iay  liioli,  .Inly 
al)ove  norma!  then  rajiid  tall. 

Cairo.  March-.May  very  liiirli 
then  tall  to  normal  and  low- 
in  Novemher. 

Ades,  March  normal.  June  low. 
AugiKst-DecemliiM-  iiinji. 

ZaNZIBAU,  rose  to  siiiihtiy  aliove 
normal  in  July. 

MaVRITIIS.  liioh.  luaximuni 
.hil\-.  Ano;ust. 


Rkihut.  low  with  maximum    in 

August. 
Cairo,  low   witii   maximum  in 

April-May  and  Sejitemher. 
Adhx,  low  with  maximum  June, 

and  minimum  Se|>teml)er. 
ZAN/.inAU,    low.    miin'mum    in 

Septenilier. 
Maihith  S,     moderately     low. 

minimum   Fehruary  and    I  )e- 

cendiei-. 

Beirit.  hi^h  in  May.  June, 
norma  iJ  u  ly.  August,  October, 

low  Seiitemher. 

Cairo,  hinh  Ajiril  to  .June,  then 
rajiid  tail  tonormal  in  Auoust 
and  minimum  in   Deceniher. 

Aden,  hioh  May.  June,  low 
July-DeceTulier. 

Zanzibar,  hioh  May-Octolier. 

Mauritii's,  low,  max.  in  May. 

Beirut,  "■eneraily  ahovi-  normal 
t'allino-to  it  in  Auo.  and  Sejit. 

Cairo,  hioh  in  .March,  and  June- 
Auoust  then  low   Sejitemlier. 

Aden.  low  witli  a  maximum 
aliove  normal  in  August. 


Nile  ki.ood  at  Aswan 


In  defect  till  20  June,  then  good 
excess  (exce]it  ](>-2(l  August ) 
and  after  2i)  Se]>teml)er  laroe 
excess. 

The  agreement  of  the  falling 
])ressure  with  the  iiu'rease  of 
the  hitc  rains  is  well  indicated. 


June  and  July  in  defet-t  August 
fair  to  good  excess,  Seiitemlier 
moderate  defect.  October  fair 
to  good  excess. 

Rains  correspond  well  with 
pressures;  Cairo  high  |iressure 
with  weak  June  rains,  then 
low  ]iressure  with  July-.\u- 
gust  rain  and  the  Aden  high 
pressure  in  August. which  was 
little  marked  at  ( 'airo.  with 
the  Se]itemlier  defect. 

•  lune  slight  excess;  July-Septe- 
mber good  excess;  Octobei- 
large  excess. 

The  rising  ])ressure  in  April  and 
Mavcorrespond  with  weaken- 
ed May  rainfall,  but  after- 
wards with  decreased  pressure 
the  rains  were  considerably 
above  the  average  and  con- 
tinued unusuallv  late. 


June-September  good  excess, 
anil  1-2.^  August  large  excess. 

In  this  year  ( 'airo  jiressure  in 
Mav.  June,  is  not  in  agree- 
ment with  the  rainfall  :  after 
this  the  general  rai)id  fall  of 
jiressure  agrees  with  liea\  v 
rainfall. 


June  small  excess:  July,  moder- 
ate excess;  Aug.  consid"i-able 
defect  followed  by  fairexcess. 

September  good  excess:  October 
fair  excess.  Rainfall.irreguhir 
till  August,  like  the  pressures. 
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Zanzih.VK.  low  iiiifil  .Iiiiii'   then 

above  iKuriial. 
Maukitiiis.  liio-li. 

Rionur.  liivli  till   ^iMrcii.  miiii- 

mtini  .liiiic,  tlifii  I'isiiiotovcfv 

hio'li  maxiiiuiiii  in  I  tcrcmlicr. 
(_'aiR(i.  lii^li  ill  Mai'L'li.  riqiiiltall 

to    normal    in    Junc-Auou^it. 

Very  hioji  niaxiriuini  in  Dee. 
Adkx.  ratluT  liiuli  till  May,  low 

.)une  to  Scjitt'nihi'r  then  high. 
Zanzibar,     high     March-July 

then  low. 
MAURiTiiSjhigh.i'alling  towards 

end  of  year. 

Beiri'T,  sliohtly  below  normal 
with  minininm  in  October. 

('aik(i.  generally  near  normal 
after  ilarch.low  in  Sejitember 
and  ( k'tober. 

Adkn.  low. 

Maukittts.  low. 


Bi'.iurT,  high  March-DcL-emiier. 
Cairo,  high,  March-December. 
Adex,  high,  Aiiril-December. 
Zanzibar,  high.  Ajiril-Dec. 
Mairitii  s.  higli.  May-Dec. 

BiURiT.  high  from  ]\Iay  to  Octo- 
ber, rajud  fall  in  November 
and  December. 

Cairo,  high  in  April  and  May, 
fall  to  normal  in  .lune,  rise 
in  August  and  Septendjer 
the  rapid  fall  till   December. 

Ai)r;N,  high  Ajiril  to  August. 
low  September  to  December. 

Zanzibar.  ai)ove  normal,  high- 
est in  IMarch. 

MAiRriirs.  high  in  danuary- 
.March  low  April-dime,  higji 
diily-l  )eceiiilier. 

Hkuu  r.  high  daiiiiary  to  Ajiril. 
low  Ma\-(  )ct(d)er,  minimum 
August.' 


NH.K  rl.OOlJ  AT    ASWAN" 
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I  June-10  July  moderate  defe<'t. 

I I  July-.")  August    large  defect, 
ti-.')!  August  good  excess:  Sept. 

and  October  moderate  excess. 
High  jiressures  at  Beirut  and 
Cairo  seem  to  have  interfered 
with  early  rain,  iiut  as  soon 
as  they  broke  down,  heavy 
rains  ensued  to  which  condi- 
tions were  most  favourable. 

June,  normal  ;  July,  considera- 
ble defect.  August.  Septem- 
ber and  October  large  defei't. 

(General  high  jiressure  caused 
exceptional  weakness  of  rains 
throughout  rainy  season. 

June  considerable  defect,  July 
large  defect;  August,  mode- 
rate excess,  Sejitember  con- 
siderable (_)ctober  defect. 

(lienerally  insufficient  rains  but 
impro\ed  by  h<'avy  Jiily- 
Aiiuust  rain. 


Moderate  defect  to  end  of  Sept<»- 
mber  excejit  l.V.'il  August 
when    there    was     moderate 
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Ratio 

Year 

of  rtiKKlof 

year  to 
mean  fliMxl 

rr.Essrr.c  coxditioss 

XlI.E  FLOOD  AT   ASWAS 

Cairo,  hiv'h  Jannarv-April,  ju^t 
below  normal    .\fay-(  (ctolicr. 

Adex,  above  normal. 

ZASziHArt,   hifrli    except   April 
wliicli  was  just  below  normal. 

Mauritics.    low     April     then 
risinfr.  hijrh  .Inly-l)eceniber. 

excess.  October,  large  defect. 
Here  rains  seen  to  have  Imjcu 
weak,  generallv. 

1002 

O-G.-} 

Beirit.  sliirlitly  above  normal 
till  September  then  low. 

Cairo,  above  normal  with  mode- 
rately hi<.'li  maxima  in    Jan- 
uary, June  and  December. 

Adek,  low  after  March. 

June  moderate  defect.  July, 
large    defect;    August    very 

large  defect,  Septf-mber  large 
defect,  ( )ctob<'r  moderate  de- 
fect. 

Mauritius^  low  after  March. 

1003 

o-8;i 

Hij^h    till    end    of     Jmie ;    in 
July  AujTust  considerable  fall 
especially    at    A<leii,    then    a 
rise  in  ( )ctober. 

July  and  half  August  large  de- 
fect, then  rapiil  im|irovement 
to  normal,  and  in  October  to 
fair  exce.ss. 

1004 

()•  7") 

Pressure  i.'ene;Mllv  in  excess  in 
X.E.  Africa. 

Nornfal  in  June,  weak  in  July, 
improved  for  a  while  but  very 
deficient  after  I.t  August. 

r.Mi:) 

(l-t"l 

Pressure  in  marked  excess  over 
Egypt  and  the  Sudan. 

Late  and  very  wfak  throughout 
season. 

Percentage  of  Ajreement. — Still  we  may  say  that  80  out  of  the  35 
years,  or  8G  per  cent,  show  a  ffond  ajrreeineiit  of  —  anomalies  of  pres- 
sure with  excess  of  rainfall  and  -^  anomalies  with  a  deficiency,  which 
is  sufficiently  satisfactory  to  encourage  fiu-ther  study  ;  it  at  all  events 
furnishes  a  workinjf  hypothesis  which  may  be  used  to  estimate 
the  probability  of  a  year's  flood  being  much  below  or  above  the 
normal,  and  as  knowledge  advances  a  closer  estimate  may  perhaps  be 
formed. 

Iaiv  Staije  of  Nile. — Besides  the  heavy  rains  of  July  and  August 
wliich  principally  sujtply  the  Xile  flood,  the  meteorological  phenomena 
niav  als  )  indicate  conditions  favourable  to  precipitation  at  the  time  of 
the  later  autunni  rains  of  September  and  October  wliich  affect  the  low 
stage  or  summer  supply  of  the  river. 

The  connection  is  not  so  simple  as  in  the  case  of  the  floo<l,  for  the 
effect  of  heavy  autumn  rains  may  be  coiniteracted  by  the  effects  of  a 
very  deficient  rainfall  of  earlier  months,   while  an  unusually  copious 
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summer  rainfall  will  give  a  go.xl  low  stage  sui)]>ly,  even  though  the 
autumn  rains  have  been  feeble. 

In  the  next  taljle  the  pressure  anomalies  for  September  and  October 
are  compared  with  the  mean  excess  or  defect  of  the  Mardi  to  May 
jrausfe  readino-s  at  Aswan  of  the  following  year.  From  this  it  is  seen 
that  out  of  34  veiu-s  a  negative  value  of  tlie  mean  of  the  anomalies  for 
September  and  October  was  followed  by  a  Ioav  stage  above  the  average, 
and  a  positive  value  by  one;  l)elow  the  average  in  seventeen  cases. 

Tf  now  we  take  the  excessively  high  floods  of  1S70  and  1878,  when 
the  suunner  rains  were  sufficiently  heavy  to  mask  any  effect  of  the 
positive  pressure  anomalies  in  the  autumn,  and  also  the  very  low  floods 
of  1S73,  1877,  188,S,  1901  and  1902,  when  deficient  summer  rainfall 
outweighed  the  precipitation  which  may  have  accompanied  the  small 
negative  pressure  anomalies  of  the  autumn,  the  eases  which  agree  with 
what  might  be  expacted  are  24  out  of  34,  or  71  per  cent.  :  of  the  1 1 
discrepant  years,  1871  and  1891.  which  were  followed  l)ya  deficient 
low  stage,  had  respectively  -|-  and  —  pressure  anomalies  in  September, 
Aviiich  month  would  naturally  be  more  effective  in  rainfall  than  October. 

This  agreement  is  as  good  a  one  as  can  be  expected  where  so  many 
causes  areat  work,  and  where  no  data  from  the  immediate  neighl)ourhood 
are  available. 
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It  now  remain.*  to  cxiimiue  tlie  distribution  of  atino.splicric  prcssiire 
over  nortli-ci.stcrn  At'rioi.  and  I'or  tliis  pur])0«'  the  nioutlily  mean 
values  of  the  morning  (H  a.m.)  observation  have  been  tJikeii. 
During  the  la.^t  five  years  a  large  number  o£  new  meteorological  stjitious 
have  been  estaljlished  and  at  a  certain  number  of  these  barometer 
readings  are  ttiken  regularly  ;  moreover  the  levelling  operations  ( arrieil 
out  by  the  Sudan  Irrigation  service  during  190.5  have  enaljled  the 
altitude  of  the  stations  south  of  Khartoum  to  be  determined,  relatively 
to  Khartoum  with  considerable  accuracy.  The  isobars  drawn  on  the 
basis  of  these  observations  are  therefore  correct  Avithin  a  small  amount 
until  the  desert  remon  lvin<;  west  of  the  twentv-ninth  meridian  is 
reached  and  here  the  uncertainty  commences.  However  the  certain 
result  is  that  the  distril)Ution  of  j>ressure  over  north-Ciistern  Africa 
differs  radirallv  from  that  hitherto  given  in  isol)arie  charts  of  Afri«i. 

The  altitude  (jf  Khartoum  is  derived  from  tw(j  lines  of  levelling 
carried  out  by  the  Sudan  llailway  Department  from  Wadi  Haifa  to 
Khartoum  and  from  Suakin  to  the  Nile  during  the  construction  of 
these  lines.  The  difference  between  the  values  thus  obtamed  was 
20  feet  or  6  metres,  and  the  mean  value  has  been  taken  here,  giving 
372  metres  for  the  zero  of  the  present  Khartoum  river  gauge.  ' 


I  The  Sudan  Irrigation   servii- 
sea  level. 


liav.-  taken  this  zero  to  lie  .S70  metres  above   M<-iliterran«»n 
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Frtnii  the  mean  iiioiitlily  values  of  the  atmospherie  pressure  (reduced 
to  (rC,  sea  level,  and  hit.  45°  X.)  the  isobaric  charts  on  Plates  XL^'<( 
and  XLV/;  have  hecn  drawn  To  show  the  distribution  of  pressure  in 
June,  July.  Au<>ust  and  September  for  1904.  Previous  to  this  the 
available  stations  in  the  Sudan  were  fewer  and,  the  o1>servations  havinf 
been  recently  commenced,  the  results  are  not  so  reliable,  but  charts 
prepare<l  from  them  show  clearly  the  \ery  pronounced  trend  of  the 
isobars  from  north  to  sourli  alouL!'  the  Nile  vallev  instead  of  runniu"" 
westwanls  to  the  west  coast  of  Africa  as  has  hitherto  lieen  assumed, 
when  the  only  observations  availaljle  were  those  of  coast  stations. 

The  jrradient  which  is  formed  in  June  from  the  Xile  vallev  towards 
the  Persian  Gulf  becomes  steeper  in  July  and  August,  but  it  does  not 
extend  westwards  to  any  marked  extent.  Here  over  the  Libvan  desert 
is  a  wide  area  between  the  .5th  and  2nxh  meridians  where  there  seems 
to  be  little  chitnge  of  pressure,  and  tra\ellers  rejort  light  and  variable 
winds  in  the  summer.  Further  west  the  pressure  increa.sed  a*;  we 
ajjproach  the  centre  of  higli  j)ressure  which  lies  in  the  neiohbourhood 
of  the  Azores,  and  whose  montiily  v;u-iations  of  pressure  are  given  on 
Plate  XLVI  for  Ponte  Delgada.  This  is  one  of  the  great  permanent 
areas  of  high  or  low  ])ressure  which  have  l)een  called  ''action  centres'' 
bv  Teisserenc  de  Bort  who  '  has  shown  how  powerfulh  rhcir  move- 
ment txi  and  fro  from  their  mean  position  affects  the  climate  of  the 
countries  round,  causing  it  to  be  dry  and  cold,  or  warm  and  moist 
according  to  the  meteorological  conditions  caused  by  the  relative  position 
of  these  centres  of  high  or  low  pressure. 

Professor  E.  B.  Garriot  thinks-  that  a  similar  effect  is  caused  in  the 
United  States  by  a  change  of  the  position  of  the  high  pres.sure  over 
the  North  Atlantic  : 

"Many  well-informed  meteorologists  are  of  the  opinion  that  the  next 
advance  in  the  art  of  weathci-  forecasting  will  be  accomplished  bv  a 
correlation  of  the  greater  and  lesser  areas  of  high  and  low  barometric 
pressure  of  the  n<n*thern  hemisjihere  or  of  the  globe.  The  forecasts 
now  issued  l)y  meteorological  services  are  based  u[)on  skill  acquired  bv 
study,  oliservation,  and  experience  in  calculating  the  development 
mo\t'inents,  increase,  and  ilecrease  in  intensitx',  and  magnitude  of  are«is 
of  high  and  low  barometric  pivssure  that  appear  within  areas  covereil 
by  the  telegraphic  reports  of  the  .several  services.     The  dejjendence  of 


'  ".\iri  ilc-.i  dii  r.iirt'iiu  Ce:itiMl  Mit^-DrolDjjiciiie,"  I'aii*.  1S.S3. 

»  Bull.  3r>    f.  S.  Uept.    of  Afrric.    Weatlior    Bureau    Long  Itaiigo  Wtsitber  Foreo.-uits.    In    E.   B. 
Giirriott. 
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these  lesser  lii^li  ami  low  areas  u]>nn  the  <freater  or  coiitineiitjil  and 
f)ceaiiic  so-called  pennaneiit  areas  of  liijrliand  low  barometric  pressure 
is  recojoiized,  and  the  fact  is  admitted  that  a  kiiowledf^'e of  the  character 
and  movements  of  the  greater  masses  of  the  earth's  atmosphere,  as 
re])resented  1)V  the  continental  and  oceanic  seasonal  liijih  and  low  areas, 
is  essential  to  calculations  of  weather  conditions  in  any  <riven  section 
or  locality  for  periods  greater  than  two  or  three  days  in  advance.  For 
it  is  ajjpareut  that  upon  the  exact  location  and  magnitude  of  these 
greater  high  and  low  areas  for  a  day,  week,  month,  or  season  does  the 
character  of  the  weather  in  the  regions  whirli  tliev  iloniinate  depend. 
For  instance  a  slight  shifting  to  the  westward  of  the  sunnaer  North 
Atlantic  high  pressure  area  gives  unusual  heat  and  generally  dry 
weather  over  the  eastern  ])ortion  of  the  United  St^ttes.  If  the  centre 
of  the  high  area  shifts  to  the  westward,  south  of  its  usual  position 
as  regards  latitude,  the  heat  is  general  from  the  Gulf  of  Mexico 
to  Canada ;  if  the  centre  occuj)ies  a  more  northern  latitude  in  its 
western  position  the  heated  area  is  confined  to  the  more  northern 
districts  of  the  eastern  ])i)rtion  of  the  Ihiitcd  States,  and  the  South 
Atlantic  States  receive  the  benefit  of  easterly  winds  from  the  ocean. 
When  the  Atlantic  high  area  occupies  an  easterly  p(jsition  over  l!ie 
ocean,  or  exhibits  pressures  below  the  normal,  eool  weather  foi-  the 
sesison  or  at  least  \ariable  temperatures,  art'  experienci'd  o\ei"  tlie 
eastern  portion  of  tlie  United  States.  In  fact,  the  North  Atlantic 
high  area  controls  to  a  great  degree  not  only  the  summer  weather 
of  the  greater  jiart  of  the  United  States,  but  also  the  course  and 
character  of  West  Indian  hurricanes." 

It  is  therefore  of  importance  to  determine  the  distribution  of 
pressure  over  North  Africa  in  the  sunnuer  month.s  in  the  light  of  the 
recent  observations  which  ari'  represented  in  Plates  XLVr/,  and  XLV//. 
Any  representation  of  it  at  the  present  time  can  only  be  provisional 
since  observations  are  few  in  the  most  important  region,  viz.  between 
lake  Cliad  and  Timbuctu,  and  no  altitudes  are  accurately  known.  A 
distribution  which  appears  to  be  possil)le,  if  not  also  probable  in  July, 
so  far  as  data  at  present  exist  is  shown  on  Plate  XLVIII,  where  an 
area  of  low  pressure  is  shown  lying  in  the  neigliljourhood  of  lake  Chad. 

The  evidence  for  its  existence  may  be  stated  briefly  as  follows. 

1.  The  isobar  representing  7.59  nnllimetres  of  pressure  lies  at  a  short 
distance  to  the  west  of  the  Nile  and  jn-obably  that  of  7G0  also  ; 

2.  The  700  millimetres  isobar  also  lies  near  the  west  coast  of  North- 
Africa  and  north-coast  of  the  Gulf  of  Guine;i.  as  determined  by 
observation  at  coast  stations; 
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.").  The  Avinds  of  tlie  ceiitnil  aiid  western  Sahara  accordine:  to 
travellers  accounts  tend  to  converge  towards  this  region  ; 

4.  The  mean  direction  of  tiie  winds  of  the  Nile  Valley  l)Oth  north 
and  south  of  Khartoum  do  not  show  nearly  so  pronounced  a  westerly 
c()in])Oiient  as  would  be  expected  from  the  pressure  gradient : 

.").  In  the  basins  of  the  Bahr  el  -Icbel  and  Bahr  el  Ghazul  the  easterly 
component  of  the  southerly  winds  in  the  sunnner  months  is  strongly 
marked. 

If  further  study  should  confirm  this  hy|)otIiesis,  it  will  follou  that 
a  displacement  of  tiie  high  pressure  ^^'est  of  Africa  may  affect  the 
meteorological  conditions  very  differently  according  to  whether  it 
moves  eastwards  over  the  Mediterranean  or  south-eastwards  towards 
the  southern  Sahara,  and  such  a  low  pressure  area  nmst  affect  by  its 
variation  the  southerly  winds  whicli  accomi)anv  the  sunnner  rains  of 
the  region  to  the  south. 

Thus  the  situation  is  that  there  exists  a  certain  relation  between 
increase  and  decrease  of  pressure  over  northern  and  nortii-eastern  Africa 
and  the  deficiency  or  abundance  of  rainfall  on  the  Abyssinian  tal)leland  ; 
that  the  movement  of  tlif  liigh  pressure  action  centre  of  the  Az(jres 
eastwards  (Plate  XLVIII)  in  any  sunnner  will  cause  an  increase  of 
pressure  over  Xorthcrn  .Vfriin.  producing  conditions  less  favourable  to 
precipitation  in  Alnssinia.  A  detailed  study  of  the  jjressure  conditions 
existing  from  the  Azores  to  the  Arabian  sea  and  their  comj)arison  with 
the  Nile  floods  of  the  last  15  years  is  the  next  stejj  in  the  investigation 
of  this  matter,  but  this  is  beyond  the  scope  of  the  present  volume.  ' 

Poftiiibility  of  Flood  Precliction. — The  present  hypothesis  seems  to 
furnish  a  more  satisfactory  basis  for  predicting  the  character  of  the  Xile 
floods  when  it  is  used  in  conjuncrion  with  the  indications  of  the 
Imlian  south-west  nionsun,  as  they  arc  construed  bv  the  Meteorological 
Department  in  India,  than  most  of  the  proposals  which  Inivc  Ir-cu 
previously  made. 

Mahmoud  Pasha  El  Falaki.  in  a  pa[)cr-'  read  l)cfore  the  Khc(livial 
Geographical  Society  at  Cairo,  January  (J,  18<Si,  suggested  that  the  Xile 
flood  might  be  predicted  by  a  study  of  the  tem[)eratnres  and  l)aroraetric 
pressures  ol)served  at  Cairo,  and  as  he  was  under  the  impression  that 
tlie  ^^'hite  Xile  furnished  a  considerable  part  of  the  flood,  he  proposed 
to  consider  the  meteorological  conditions  in  Februar\",  Alarch,  and 
April  as  furnishing  a  guide  to  the  probability  of  an  e.Kcess  or  deficit 


'  This  is  now  in  hand. 
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of  equiitoriiil  niinriill.  itiid  those  of  -Inly  iis  iiidicjitiiiii-  the  foiKlitions  on 
the  Ahyssiiiiiin  pliitcaii.  Hiiviiiji-  tJikeii  the  s|iriii<:-  months,  ht!  wms  led 
to  consider  thiit  a  hiji'li  temperature  ami  a  low  ])ressure  coincided  with 
the  low  flood,  and  a  low  temperature  and  hiji'h  pressure  with  a  hijih  Hood 
l)asin<;'  his  view  on  the  years  1.S70  to  ISSl. 

Ventre  Pasha.'  in  a  paper  on  the  hydrolo;iy  of  the  Nile,  discusses 
the  possibility  of  predicting  the  flood,  and  concludes  that  the  knowledge 
of  the  force  and  <lirection  of  the  winds  in  the  neiti-hbourhood  of  Aden 
and  Zanziixir  should  furnish  a  basis  for  satisfactorv  forecastiu"'.  He 
refers  to  some  investigators  who  have  endeavoiu'cd- to- U'ace  a  coiniec- 
tion  between  the  Nile  Hoodand  the  barometric  pressure  and  temperature 
at  Cairo,  but  that  such  a  relation  is  possil)le  he  denies,  apparently  on 
the  ground  that  the  distance  between  the  equatorial  lakes  and  Cairo  is 
over  3500  kilometres,  and  consequently  too  great  for  meteorological 
phenomena  at  the  two  ])laccs  to  have  any  relation  to  one  another;  but 
it  is  with  the  Abyssinian  plateau  some  22(iO  kilometres  distiuit  that 
■we  have  to  do,  and  also  variations  of  liarometri<' pressure  are  frequently 
found  to  occur  o\-er  as  great  and  even  greater  areas. 

^'entre  Pasha  also  speaks  of  what  he  considers  to  be  a  law"  viz..  that 
a  low  flood  is  followed  by  a  low  summer  supply,  but  this  is  only  a 
natural  sequence,  since  a  low  Hood  means  insufficient  rainfall  on  the 
Aljyssinian  area,  andconseipiently  the  September  rains  are  likely  to  l)e 
also  below  the  average.  Therefore  the  springs  and  streams  will  rini 
low  or  dry  sooner  than  in  wetter  years,  and  the  Sobat  and  l>lue  Nile, 
the  two  variable  factors  of  the  sununer  or  low-stage  sup[)ly.  will  he. 
furnishing  but  little.  On  the  other  hand,  it  will  sometimes  occur  that 
a  season  of  deficient  rainfall  may  improve  towards  the  end,  as  was  the 
case  in  19(IH,  when  the  increased  rainfall  in  the  autunui  provided  a 
good  low-stage  su{)ply  for  1904. 

It  is,  therefore,  rather  on  the  amount  of  rain  falling  at  the  end  of 
the  rainv  season  in  Abyssinia,  and  its  continuance  into  the  autumn 
months,  that  a  good  low-stage  supply  depends;  the  Sobat  keeps  up  the 
level  of  the  White  Nile  with  the  water  it  brings  from  the  high-lands 
of  Kaffa,  and  the  Blue  Nile  is  fed  by  its  tributaries  in  Gojam  and 
Wallega.  In  11)03,  the  Blue  Nile  was  discharging  nothing  at  Kliar- 
touir.  on  the  Sth,  l.itli.  and  '2rird  of  May,  after  the  deficient  rainfall 
of  1902. 
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Sir  W.  Wilk'ocks,'' ill  his  ))ap('r  on  the  WmW  liavnii.  refers  inriflen- 
tally  to  the  prediction  ot"  the  Nile  tlouds.aud  considers  tliat  good  Hoods 
coincide  with  high  humidity  in  June,  anfl  with  a  prevalence  of  south- 
erly winds  in  April  and  ^lay  at  Cairo;  also  that  deficient  floods  are 
heralded  by  excejjtional  dryness  in  June  and  few  southerly  winds  in 
April  and  May. 

In  the  33  years — 1X70  to  I'.Mli' — the  mean  relative  humidity  inJunc 
is  not  of  anv  real  value  asa  jiiiidu  in  prediction,  since  out  of  19  years  in 
which  the  relative  humiditv  in  June  was  above  the  mean,  9  floods  were 
l)elow  the  average,  and  10  wereal)c)ve  it  ;  and  of  13  years  in  which  the 
humidity  was  below  the  mean,  S  floods  were  above  the  average  and  5 
were  below  it. 

Turning  now  to  the  southerly  wind>.  the  number  of  observetl  winds 
of  which  the  illrection  was  south  of  east  or  west  (from  some  Jtart,  that 
is,  of  the  southern  half  of  the  horizon)  hasl)eeu  Uiken  from  tlrj  3diourly 
observations  at  Abbassia  (near  Cairo).  In  9  years,  when  the  flood  was 
ahoce  theaverage,  the  southerly  winils  were  above  theaveragein  .">  years 
and  below  it  in  4  years.  In  7  years  having  floods  lielow  the  average 
the  southerly  winds  were  Ih'Iow  the  average  in  4  years  and  above  it  in 
3  years. 

It  cannot  therefore  l)i'  s;iid  that  either  the  mean  relative  huniiility  in 
June  or  the  prevalence  of  southerly  winds  in  April  and  ^lay  are  safe 
guides  in  predicting  theXile  flood  ;  the  propused  r^'lation  will  be  found  to 
hold  occasionally,  as  in  190^  ;  when  there  were  few  southerly  winds  and 
a  large  deficiencv  in  the  flood,  also  in  l.S9i  was  a  high  Nile,  and  the 
dune  relative  humiditv  was  also  high,  but  in  no  sense  can  they  be  con- 
sidere«l  as  satisfaetorv  bases  for  regular  |nvdiction. 

It  has  been  ])ointed  out'  by  the  Meteorological  Keporter  to  the 
goverinnent  of  India  that,  so  far  as  reconls  extend,  excessive  rainfall 
at  Zanzibar  has  been  followed  l)y  deticienr  rainfnil  in  June  in  the  area 
affected  by  the  Arabian  Sea  branch  of  tlie  monsun  current.  This 
sub-equatorial  rainfall  is  most  ])robably  due,  not  to  a  diversion  of  the 
south-east  trade  wimls  but  to  an  ascensional  movement.  It  is  hardly 
doubtful  that  the  Abyssinian  rainfall  will  be  simil  rly  att'ected  liut  this 
matter  (kiiiaiids  further  study. 

In  the  following  table  the  April  rainfall  at  Zanzil)ar  is  compared 
with  the  June  rainfall  in  Ai)yssinia  which  is  approximately  represented 
bv  the  Juh  gauge  readings  at  Aswan,  while  the  Mav  rainfall  is 
compared  with  the  August  river  levels  at  Aswan. 
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It  will  be  seen  that  jilmost  without  exception,  excess  of  subetiiiatoriiil 
rainfall  was  followed  by  low  levels  of  the  Nile  flood.  The  n^verse  is 
not  so  invaiirtljle  for  while  deficient  rainfall  in  such  years  such  as 
1892,  18S)4,  and  ISilS  was  followed  by  good  and  even  high  flood,  in 
other  years  similar  dcticiciicy  was  the  result  of  a  general  weakness  of 
rainfail  in  this  part  of  Africa  as  in  LSSl,  1!)02  and  1903. 

Summary. — Wc  have  seen  therefore  that,  when  the  Nile  Hoods 
ai-c  cxainined  for  a  period  of  aliout  17")  years  during  which  the  records 
have  all  the  appearance  of  being  comparable  and  rclial)le,  no  regular 
alternation  of  high  and  low  floods  is  to  be  found. 

Turning  to  the  meteorological  conditions,  atmospheric  pressure  in 
north-eastern  Africa  appears  to  \arv  inversely  as  the  rainfall  of  Abys- 


'  Excess  or  defect  of  rainfall  in  niillimetres. 

-   E.\cess  or  defect  in  centimetres  of  mean  gauge  reading  of  month. 

■*  Wadi  Haifa  gauge  readings  used. 
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sinia.  and  a  similar  n-lation  bctweoii  pivssiirc  and  rainfall  has  Ijocn 
demonstrated  in  other  parts  oF  the  ulolie.  The  distribution  of  pressure 
in  the  summer  months  in  tlie  li^ht  of  recent  information  shows  tiiat 
the  Asiatic  low  pressure  in  the  monsun  season  is  abruptly  terminated 
about  tlie  meridian  of  the  Xile  valley  and  to  the  west  of  this  there  is 
probably  an  area  of  almost  equal  pressure  intervening  between  it  and 
the  high  pressure  of  the  Azores-action  centre  while  in  summer  a  low 
pressure  area  may  lie  to  the  south-west.  The  encroachment  of  this 
high  i)ressure  on  the  eastern  part  of  North  Africa  may  ])roduce 
there  the  unfavouraljle  conditions  of  high  pressure  whicli  have  been 
recojiuized  as  coinciding  with  dehcient  rainfall  on  the  Abvssinian 
tableland,  while  conversely  its  withdrawal  so  as  to  allow  of  deepening 
or  extension  of  the  low  pressure  trough  probably  acts  fav<jurably  towanls 
the  conditions  of  ])recipitation  in  Abyssinia. 

It  seems  that  tiie  two  principal  factors  to  l)e  c<.insidere<l  are  firstly 
the  strength  of  the  south-east  trade  winds  as  they  progress  from  the 
south  to  the  north  of  tlie  e([uator.  along  the  eastern  coast  of  Africa, 
and  secondly,  the  excess  or  defect  of  atmospheric  jjressure  in  the  area 
represented  by  Aden,  Cairo,  Beirut  and  the  region  lying  to  tlie  west  of 
this;  the  subequatorial  rainfall  in  early  summer  must  also  be  considered. 

So  far  as  our  knowledge  goes  at  present  it  may  be  said  rliai  : — 

1.  (Generally  speaking  the  curve  of  Xile  Hoods  varies  inversely  as 
the  mean  barometric  pressure  of  the  summer  months,  high  pressure 
accompany  low  Hoods,  and  low  pressures  acccjmpany  high  Hoods. 

2.  These  pressure  variations  show  a  great  similarity  over  wide  areas, 
but  seem  to  be  to  some  extent  dependent  u|>(in  the  position  of  the 
Azores  high  j)ressure  '•action-centre." 

3.  Taking  the  iiKJiithly  means  of  atmospheric  pressure,  this  relation 
is  even  more  clearly  shown,  and  pressure  aljove  or  below  the  normal 
in  nioiiths  of  the  rainy  season  of  Abyssinia  coincides  closelv  with 
deficiency  or  excess  of  rainfall, 

4.  Taking  the  37  years — ISG!)  to  190.") — in  (J  years  out  of  7  a  very 
fairly  accurate  prediction  of  the  Hood  from  month  to  month  could  have 
been  made,  and  there  seems  a  reasonal)le  [Ji-obability  that  further  and 
more  detailed  study  of  the  conditions  above  described  mav  increase  the 
reliability. 

.").  The  effect  of  excessive  sube.ipiatorial  rainfall  in  April  and  .Ma\  in 
the  neighbourhood  of  Zanzibar  seems  to  have  a  distinctly  prejudicial 
effect  on  Abvssinian  rains. 
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APPENDIX  1. 
CONVERSION  TABLES. 


Metres  to  Yards. 


Millimetres 

to  Inches. 
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9*8 
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13-11 
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117,  142. 

—  aausiv  at,   113. 

—  rainfall  at,  .84,  97. 
Ghiva  river,  232. 
Ghur.^a  id  Kilab,  1U6,  117. 
Gibbons  Major  A.,  65. 
Giesh.  Mt.,  217. 

Ginda.  187,  189,  204. 

—  temperature  of,  192. 
Girga,  5. 

Giza.  295. 

—  boring  at,  339. 
Glaciers  of  Runvenzori,   12. 
Gneiss.  9.  17,  162,  183. 
Gog  (Savannah  forest),  95. 
Gogeb  river,  199. 
Gojam,  187. 

—  province,  volcanic  rocks  of,  182. 
Gondar.  186,  189,  193,  204. 

—  rainfall  at,  208. 

—  -    temperature  of,  193. 

—  winds  of,  198,  201. 
Gondokoro,  5,  8,  96,  101,  105. 

change  of  channel  at,  105. 

—  climate  of,  82. 

—  rainfall  at,  84,  185. 

—  range  of  river  level  at,  109. 

—  river  level  at,  108,  109,  110. 

—  rocks  at,  80. 
Gottberg  E.,  258,  279. 
Gordon,  General,  1. 

Gore,  145.  148.  149,  189.  1U9,  201. 

—  rainfall  at.  148. 
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\'on  Uotzeii,  2(i. 

(ioz  aliu  Gunm,  IlilS. 

Oranite,  145,  ll>2,  1M2.   ISS. 

lirci'ii  water.  172. 

lirogan   E.8.,  ii.i.  72. 

()ucl<>r  liver,  1S3.  lilH.  221. 

liugi  Uapids.  »<(). 

Uule.  «7. 

(iuiimru  River,  SI,  .s.".,  .SK. 

(luim  Mt.,  190,  21.V 

(liippy  Dr.,  2b'A. 

Liurukire  Bay.   17. 

(iwyiiii.   Maj.ii-  1{.   K..    I  til.   l.'jO.  2<li). 


H 

llalai,   IHIi,   IKS. 

—  basalt  at.   1S2. 

—  rainfall  ;it.  2U'.i. 

—  temperature  of,   !».'>. 
Haiiii,  I'rof.  J.,  90,  31)4. 
Hannek  cataract  of,  2"i8.  2Hi>. 
Hansal,  186. 

Harogo  Mount.  sl. 

von   Marnier.  92.    1 119. 

Harris.  Major  W..   18<!. 

Hawasli  river.  S.   US.   1S2. 

llawauiilia,  temperature  of  >i'ilr  al.  L'.M. 

Ileiligenkreuz.  nee  Kenisa,  109. 

Hellit  Niier.  ."i.  9:!.  94.  It).'..  iDil.   In;.   Mi;. 

Ilflwan.  Ijorinjr  at.  839. 

—  i-vaporatiun  at.  2."iO. 
Henry.  Comill.  91.  117. 
Herrmann  H.,  9.    19.  2.'i. 

HeuKlin,  T.  von,  119.   127,  l;tr,.  Im;,  21:1. 

Ilofrat  el  Nahas.  s,   122,  128. 

Hoinm,  (>1. 

Holroyd,  A.  T.,  820, 

Hot  springs.  17. 

Hume.  Dr.  W.  K..  2.'>S. 

Humidity,  see  climate. 

—  in  Abyssinia.  202. 

—  at  Addis  Abbaha,  202. 

—  at  Addi  Tgri,  202.  20S. 

—  at  Aswan,  247. 

—  at  Berber,  247. 

—  in  Egypt.  298. 

—  Kliartoum,  247. 

—  Merowe,  247. 

—  at  Wadi  Haifa.  217. 
Hutchin.son  K  ,  8.0. 
Hydrography.  A.swaii  to  Cairo.  817. 

—  Bahr  el  Jebel.  87. 

—  Khartoum  to  Aswan.  2iil. 

—  of  .Sobat.  150. 

—  White  Nile  Basin.  lUU. 


Ituri,  see  Semliki. 
Ibiiiliim   Has,  9fi. 
Intetshau,  189. 

--     rainfall  at,  208. 
Interaction  of  Blue  and   White  Niles.  2t).' 
Ironstone,  17. 

Islands,  floating  grass.  107. 
Ismailia  climate.  889. 

—     rainfall  at,  844. 
Isobars  of  North  Africa.  8Mo. 
Itant  river,   14l'i. 


.bid    Klver.   12.\ 
Janmia  i"i\er.  221. 
.libel  Ahmed  Atha.   102. 

—  Atin.  9. 

—  Barkal,  257. 

—  Jebelein.  162. 

—  Uule,  162. 

—  Marra.  122,  128.  180. 

—  Miri.  129. 

—  Otze,   !«l. 

—  Ki-ft.  244. 

-     lioyan,  ''M. 

—  Zaraf.  9.  91. 
-      Sl-Mli.    l.".ci. 

.l.-ph>on  H..  72. 

•  linja.  2(1,  21.  22.  28. 

•linga.  discharge  tabic  for  ."i9. 

—  gauge  at.  44. 

mean  rainfall  at.  26.  8U. 
.liUa  river,  1.S4,  221. 
.b>hnston,  Sir  H.,  r.K  70,  141. 
.billiard.  319. 

.lunkiT  W.,  .H.  72.    Ill  I.    110.    12.' 
.Iiir  river.   125.  127. 

—  dimensions  of.  127. 


K 

Kabibi.  .sec  Semliki. 

Katia.  8.  14.'..  150.  152.  1S4.  187. 

Kafu  river.  liO,  61, 

—  .,     constant  discharge  of.  61. 
Kagehi,  85. 

Kagera  river.  6.  7.  15.  18,  24.  .'.0.  54. 

—  former  course  of,  58. 
Kaibar  cataract  of,  258,  279. 
Kakoji.  5.  60. 

Kakunda.  see  .Semliki. 
Kalalisha,  260. 
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Karagwe  district,  Irt. 

—  rainfall  in,  25. 
Karamoji)  plateau,  7S,  81.  «",  8S. 
Kar<"inia,  2.i7. 

Karnak,  Nile  levels  at,  Mr,.  Mi,. 

Karpetu  river.  SI. 

Karungii,  17. 

Kai-r  el  Xil.  Iioriiig  at.  .Sli'.i. 

Kaiiwila,  R,  I8t<,  204. 

—  annual  rainfall,   |s."i.  211,240. 

—  tftii|>erature  at,  21<), 
Kaufuianii,  Austrian  Missinn,   Ins.   17H. 
Kavingii.  ',K 

Kavinindc)  Gulf.   IS,   I'.i.  :iS. 
Kenisji,  .">,  92.  M.  !),"..   W,. 

—  range  of  rivi>r  levi-l  at    KWi. 
Keren.  IRii.  l.ss. 

—  rainfall  at   is.'i.  2u;i.  211. 

—  temperature  of  I!I2. 
KhartiMun,  2,   1«1,  lUl",,   I,S2.   |SK.  2U. 

—  climate  of,  1(!.5. 

—  gauge  at  2til. 

discliarge  of  Xile  at.  27:^.  277. 

—  humidity,  247. 

—  rainfall  at,  l(>r>,  IS.").  211. 

—  rine  ot  Nile  at,  2(!2. 

—  sediment  in  .suspmsinn  at.  Unl. 

—  teniperatun-,  2  HI. 
Khor  Adar,  liJl. 

—  Atappi,  8S, 

—  Ayu,  81, 

—  Bagger,  87,  ss, 

—  Filus.  7S  1,=>H. 

—  Garre,  l.oO, 

—  Ginetti,  103, 

—  el  Gash,  23!l, 

—  tiondoiek,  9.>. 

—  Ito,  103,  ir.4. 

—  Keil.ak,  I2!l. 

—  Khos,  103, 

—  Kir  Shainli.',   102,   I0,>. 

—  KiMla,   103. 

—  l,anka.ja.  lo:(. 

—  l-urit,  1113. 

—  Ta,  103. 

—  Tafari,  103. 

Khashni  el  Girha,  rainfall  at,  23il, 

Kiua  island,   17. 

Kingava,s,si  valley,   17,   IS. 

Kiri),  lO.i. 

Kirin,  l.io,   li;i,  ls2. 

Kirunehanga,  7. 

Kisumii,  17,  3.5. 

—  gauge  at,  38. 

—  gauge  correction  to,   II, 

—  gauge,  wind  action,   is. 

—  rainfall  at,  2t;,  3(t. 
Kilangule,  .">'>,  .">7,  .i8. 


Kitaro  island,  35. 

Kitoboko,  57. 

Kit  see  Oumuru. 

Kitiniibui  river,  61. 

Kivu  lake,  7,  14,  19,  20, 

Kloden  G.  von,  1. 

Knoblecher,  I..  U8,  130,  157. 

Kodok,  16,  168,  185. 

Koki,  1)1. 

Koettlitz  K.,  181,  183. 

Koiu  el  Giza,  nilometer  at,  316. 

Kom  Omlio,  nilometer  at,  316. 

Kordofan,  8,  9,  162,  167. 

—     hills  of,  161. 
Komsko,  244. 
Kubosh,  nilometer  at,  316. 


Udo,  .5,  91,  93,  96,  101,  10,i,  110. 

—  climate  of,  82. 

—  discharge  at,  114. 

—  winds,  85. 
Ijike  Borollos,  336. 

—  Edku,  336. 

—  hypothetical,  south  of  lake  No,  91,  141. 

—  level,  variation  of,  33. 

—  Mariut,  336. 

—  Menzala,  33t). 

—  No,  5,  91,  94,   lOl,  10.5,  116,  142.  167,  I6S. 

169,  170. 

—  Tata,   1.52. 

— ■     Victoria,  variation  of  levfl,  33. 
liiikes  Central  Afi-i(-an,  38. 

—  eflect  of  November  rains  on,  51. 
Lake  Plateau,  14. 

—  altitude  of,  14. 

—  geology  of,  15. 

—  summary  of,  76. 
Ljingheld,  26. 
Laterite,  9. 
Latonia,  57. 

I^ituka  Hills,  79,  94,  103,  107. 
Length  of  Atbara  river,  232.  234. 

—  of  Xile,  5. 

—  of  Blue  Nile,  226. 

—  of  Mareb  river,  239. 
Lefebvre  T,.  186. 

Leg!i  Galla,s,  145,  l,Vi. 

Legrain  G.,  315. 

Lejean,  157. 

Lengo  river,  62. 

Letheby  Dr.,  308. 

Level,  Alljert  lake  variation  of,  75, 

—  of  gauge  zero  Khartoum,  262, 

—  former  of  lake  Victi.iria,  34, 

—  of  lakes,  variation  i>f  t>7. 
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Liddell  Maji.r  .1.  K.  F...W.  120. 
Lignite,  at  t'helga,  21l>. 
Limits  of  Athara  basin,  2SS. 

-     of  Nile  basin,  U. 
Linant  de  Bellefonds.  17S.  27S. 
J,inck  G..  162. 

Lockyer  Sir  N.,  357,  358,  364. 
Lockyer  Dr.  W.,  357,  358,  364, 
Lohupati  river,  on, 
1^)1  river,  125. 
Lombardini  E.,  1,  1 13,  141, 
Lonvili  Mount,  81, 
Lubas  gauge  at,  38. 
Lucas -A,,  116,  121.  27,5,  ,'?24, 
Lugard  Sir  F.,  36,  6,i.  6!i, 
Lugh,  187,  189,  19'J. 

—  winds  of,    199,  2i1l. 
Lugogd  river,  61. 
Luvironza  river.  ,55,  56, 
Lu.\or,  5,  295. 

—  boring  at.  339, 

L.vons  Captain  H..  meteor,  obs,  hy,  9S. 

M 

Maanja  river,  60. 

Macalister,  38. 

Macdonald  lirig.  r.Hiil.  .•<ir  .1.,  K.R..  S.  H7 

Mackay,  24. 

Mackenzie  Dr.  W.,  309,  329. 

-Magdala.  182,  183,  186,  1K9. 

—  rainy  days  at,  207. 

—  temperature  of,  191). 
Mnkedo  Rapids,  .80,  91,  112, 
Malagarisi  river,  55. 
Malfisieux,  257. 

Malte  Brun,  319. 

de  Malzac,  116,  118,  131,  1,57. 

Mareb  river,  180,  204,  239. 

Marchand,  8. 

Mariut  lake,  336. 

Marno  E.,  107,  I20.  132.  138. 

Marpa  hill.-,  «. 

Marni  hills,  s. 

Marshes,  Hahr  el  .lebel,  extent  of.  94. 

—  Hahr  el  Jebel,  former  lake  in,  II. 

—  of  Bahr  el  Zaraf,  .1 1  7. 

—  of  Hahr  Zaraf.  93. 

—  rechiMiation  of.  349, 
•Martin,  36. 

de  Martonne  K.,  I , 

.Ma,saka,  rainfall  at,  25,  26.  31. 

Ma.son  Bey,  72. 

Ma,s.siua,  186,  187,  188,  2f)n. 

Mathey  Dr.,  307. 

Mahagi,  7.5, 

Jlaterial  in  sus|)ension.  ■V<'>. 


.Matter  in  >olntion  in  Nile  water.  331. 

Man  Plateau.  15. 

Manrer  H,.  26, 

Mbarara,  rainfall  at,  25.  26,  31. 

Mbeni  Fort,  69,  70. 

Mejmders  of  Bahr  el  Jebel.  !t3. 

—  of  Blue  Xile.  225. 

—  of  Bahr  el  Zaraf.  117. 
Means  T.H„  329, 
Mehallet  Roh,  boring  at,  339, 
Melka  Furi,  220. 

—  Kuki,  220, 
Menpo.  24. 
Menzala  lake,  336. 
Merowe.  5,  257. 

—  humidity,  247. 
temperature,  246. 

—  winds.  248. 
Meshia  Rek,  131,  142. 

Meteorological  observations  Bahr  el  Jebel,  98. 
Meteorologicalobservafionsin.\byssinia,  186. 18" 

Mex.  336. 
Mfumbiro.  7. 

Michel  C,  148.  149.  1,53,  187. 
Mira  Afio,  95. 
Mirach  Ghadiak,  95. 
Misisi  river,  72. 
Missionaries  French,  34. 
Moger,  rainfall  at,  148. 

—  winds  of,  199. 
Mograt  island  257. 
Mohanied  Ali.  IIS. 

Mokreii  el  liahur,  sec  Lake  No,  167. 
Molniul  river,  125,  127. 
.Mongalla,  5,  91,  92,  'M\.  107, 

—  discharge  at,  115. 

—  climate  of  82. 

—  rainfall,  84. 

—  winds  86. 

Monsun  of  N.E.  Africa.  11,  1*1. 

—  Indian,  368. 

—  winds,  11. 
Moore.  J.E.  65,  71. 
.Mrnli,  5,9.  60.  61. 
Msaka.  20.  21.  22.  23. 
Muanza.  20.  21.  22.  23.  37. 

—  niinfall  at.  26.  28. 

—  wind  at.  26. 

Mud  of  Xile  from  .\by..-inia.  \'<i. 
Muger  river.  221. 
Muissa  river.  18. 
Miimia,s,  17,  20,  21,  22,  23. 

—  rainfall  at  26,  30. 
Murrat  wells,  244. 
Murchison  Bay,  18. 

—  Falls,  .5,  62. 
Muska,  district,  78. 
MusraH  Island.  170. 
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Mustafa  Magdali.  307. 
Mvolo.  125. 


IV 

Nag  Hamadi.  29ri. 

—  sfdimeut  in  Nilf  water  at.  3im;. 
Naiwa.sha  lake,  I't. 

Nainirpmho,  25. 

—  rainfall  at,  29. 
Xam-Rohl  river.  125. 
Nandi  hills,  8. 
Nangani  hill.  81. 
Napoleon  Gulf.  18.  39. 
Na.s8a.  17.  19. 
Nasser.  145.  149,  150. 

—  rainfall  at.  147.  18.5.  211. 
Natete.  24.  25. 

—  rainfall  at  20.  29. 

Naus,  observations  by.  305.  324. 
Nausa,  see  ■'femliki. 
Ndornma.  125. 
Nigol  river,  146,  151. 
Nikani  river,  151. 
Nile,  the,  244. 

—  area  of  basin.  5. 

—  discharge  of,  286. 

—  discharge  of  at  Berber,  278. 

—  discharge  of  at  Sarras,  279. 

—  length  of,  5. 

—  loss  of  water  from.  254. 

—  ranste  at  Berber.  277. 

—  slope  of,  257. 

—  valley,  borings  in.  339. 

—  valley,  slope  of.  300. 

—  valley,  width  of.  299. 

—  water,  matter  in  solution.  331. 

—  water,  temperature  of.  253, 
Nilometers.  313. 

—  at  Eilfn.  316. 

—  on  Elephantine  Islaml,  316. 

—  at  Esna,  316. 

—  at  Kobosh.  316. 

—  at  Koni  Onibo.  316. 

—  at  Phil.e.  316. 

—  ut  Roda,  317. 

—  at  Taifa,  316. 
Nimule.  5.  79,  90. 

—  altitude  of.  8(). 

—  climate  of.  82. 

—  rainfall,  84. 
Nocra,  189. 
Nordmann  R..  187. 

North  Sudan  climate  of,  245. 
Nyavarongo.  55,  56. 
Nzova  river,  17. 


o 


Obeid  El.  161. 

—  climate  of,  164. 

—  rainfall  at,  165. 
Odiri,  88. 

Okomo  river,  87. 
Omo  river,  8,  148. 
Oscillations  of  lake.  33. 
O.\bow  curves.  312. 


Papyrus  of  Balir  el  Jehel,  92.  94. 

Peat,  91. 

Peel,  Captain  \V.,  2.54,  274. 

Pelusiac  Arm  of  Nile,  336. 

Peney  Dr.,  91,  104,  108,  112.  264. 

Periodic  ri.se  of  lake.  37. 

Periodicity  of  tiood.  356. 

Petella  G.,  1X7. 

Petherick  J..  104,  116,  118.  VM,  131.  1,57,  274. 

Phiirt',  Niloineter  at,  316. 

Phyllites,  162. 

Pibor  river.  78,  14.5.  14.X.  151,  152,  1.55.  156.  173 

Plains,  east  of  Bahr  el  .lebel,  9.5.  96. 

—  eiist  of  Bahr  el  Zaraf.  118. 

—  east  of  Bor,  79. 

—  of  Sobat  river.  146. 
Plauts  composing  sadd,  133. 
Plateau.  Central  African,  79.  81. 

—  west  of  Victoria  lake,  16. 
Plowden  W..  213. 

Pollard  Mr..  :%8. 
Poncet  ,T.,  93,  169. 
Pordage  H..  36.  93. 
Port  Alice,  gauge  at,  38. 
Port  Said,  climate,  339. 

—  evaporation  at,  2,50, 

—  rainfall  at,  343. 
Port  Ugowe  gauge,  41. 
Port  Victoria,  gauge  at,  39. 

—  rainfall  at.  25. 
Prediction  of  flood,  383. 
Pres.sure.  atmospheric,  effect  of.  363 
Prideaux,  Lieut.,  186. 

Pringle,  Major  J.W.,  R.  E.,  48. 

Pruyssenaere,  95,  157,  162. 

Public  Works,  Ministry,  Reports  of,  3. 


Qaliuh.  Ijoring  at,  339. 
Qena.  5. 

QoUa.  189,  190,  192.  197. 
Quartzite.  15,  17. 
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R 

Rahad  river,  diiicharge  of,  22<. 

Rainbell,  equatorial,  10. 

Kainfall,  Abyssinian,  range  of,  211. 

—  Abyssinian,  211. 

—  Addis  Abbabsi.  2(M;.  2i>7. 

—  Addis  Alem,  207. 

—  Addi   L'prI,  20K 

—  Adua,  208. 

—  in  afternoon.  24. 

—  of  Alexandria,  342. 

—  .^nkober.  207. 

—  Asniani.  2i>'.l. 

—  Balir  cl  Jebel.  .S;i  S|.  s.",.  ;i7. 

—  Chenafeiia.  20;t. 

—  on  ilesert.s  2".U. 

—  nallahat.  23.-.. 

—  (ieilaref,  23(i. 

—  (fondar,  2ilS. 

—  Halai,  2011. 

—  Intetshau,  20S. 

—  of  Isinailia.  3)1. 

—  Kassala,  240. 

—  Khashra  el  (iirba.  23i;. 

—  Keren,  20'.l. 

—  Lake  Platejiu.  23. 

—  Ma^rdala.  207. 

—  of  MediterniMeiin  Coast.  312. 

—  Nile  Kasin.  23. 

—  of  Port  Said.  343. 

—  relative  anionnt  Ipy  rMi>iiili>.  2li 

—  Koseires,  210. 

—  Soluit  Basin.  147. 

—  Suakin.  210. 

—  at  ><uez.  344. 

—  Victoria  hike,  23. 

—  Wad  Mfdani,  210. 

—  Wan.   124. 

Itiiiis  in  Abyssinia.  2<I4.  2il."i. 

—  Xoveniber  effect  on   I,ake.«.    I'.l. 

—  seasonal  oseillation  of,   II. 
JUiny  sejLsons.  11.  12. 

—  in  Aby.-isinia,   14!».  1S|. 
Kiiinela.  17.5.  I7(i. 

l£:in!re  of  Hood,  3.")I. 

—  of  Nile  at   Kharloinn,  2r,l. 
liiipids  of  Aniara,  2.5K. 

—  Wadi  Atiri.  2")!l. 

—  .\mbi).'ol.  •>'•'.). 

—  .\k;ish,V  2"iS. 

—  Bahr  el  Jeltel,  xo. 

—  Semna.  2.5U. 

—  Tanjur,  2.")!l. 
K.-issani  H..  IKii. 

Rate  of  rise  of  alluvial  plain,  317. 
Keadiugs  of  Koda  ;:aufc'e.  321. 
Kcclaniation  of  Marshes.  34!l. 


Ked  Sea.  K.  I  go. 

Kegiinen  of  Khor  el  Ua«h,  240. 

—  Takazze  R.,  2.33. 
Regularity  of  flood,  csiu.se  of.  3.il. 
Renk,  87,  149. 

Reports,  Public  Works  Ministry.  3. 
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